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-  Ah.  “  I  s  “  in  **  I  tinn.n  v  A|»|i!t«*l  rti«nm.!s^  '‘iHH-’f  r 

ulsu  in  U’\!. 

M.  ('HKiMiAN.  *' I  )i%inl<Hiion  ami  RuiIh/'  lanaliut,  loi 

k.  C  k:  Din  I  ir'atRrkftum”  i<H 

n,  J|  I  I  ( j\  LnitiUMN,  “*  I’utmulaitt*  <!i*  l’an{i%rp4r,  cl»*  la  I  ir  aiifn  in.ii,  »T  tir  l.i 

Stt'iiliN.itinn. *’  I'ari*-,  hh^S* 

U<»M-.NAU.  **  I Lnmlniu 

{’*.  \V.  AxhiU'Av.s,  “  I .f'.'aar.  hi  I  >i'4rifriit«»n/‘  Liimltni, 

!•'.  C'uuNhU.  Ia*lul»m1i  drt  I  lan|»/i|»,  lut 

Disinfectants  are  giimieidHS  ;  that  i%  to  xay,  llirv  kill  liaUeiia  aial  oihri  luwti 
(H’l^aiusnis  wliicii  injuriously  af'teet  the  uppor  Icuius  of  lifo, 

Afirii  tH-sinfoiHiii  usmilly  thnrr  oniuuHN  a  U’sitliHMif  haonlrs.,  InijhR  o-a-Jani  Mi|»4innii}  ,  «in«i} 
olifH  a«i  l»rm*firially  by  iniartnitH  nrgaiut*  siutUia  ami  «»t|«;afioi»e*.  Iti  laatinc'  a  «Mm|4rir 

lumilulutinn  all  nigatiismh  wnubl  he*  tItIftriUi  Ui  attain  rominnieMlIy. 

Antiseptics  are  le.ss  powerful  than  iliMuhnlants  in  tfial  tfiey  only  irt.ini  oi 
prt'Vent  tin*  growth  of  injurittus  lower  tirganisnis  iti  suitabh'  tuetita. 

1‘h<*  germicidal  power  ami  the  antiseptic  power  uf  a  matnial  an*  imf  altta\  .  Minply  srlilrd 
I'nr  rxamph*,  inmiat'nl  has  only  n.n  tin*  |*«-nnitmlal \aUir  nf  phmMl,  tthro%e.  n  i.  irtit.tml  a  half  ftiji»  •. 
as»  rflnrtive  as  an  atilisc'pb*‘i  ♦  tl  takr .  fwn  ami  a  lutif  Intm,  as  tnmh  phrnni  as  i^i.iia^  m|  f »» 
an  nrgatiisnt  developing  in  a  inuth  (antisrpti<'  a*tn*n|,  uh<*r<sm  wlirn  n  Im  l.jlittii*  an  alo.t’ii 

CHiHUnit  <»i|,»atnsjn  o.n  part  of  phenol  has  tiu*  saim*  atiinn  as  i  paH  t»f  |*naiar«4  (grrmn  nkil  a«  Iimio 

Testing  Disinfectants.  ‘I*hc  te»t  usually  entplo^eil  hu  minipatiug  iho 
gennieidal  acTion  of  (li.sinfedanls  is  that  introclucerl  by  /luira/  aiul  /liiZ/y/  f 
AVj».  Sd^i,  //At/.,  *903,  p,  424). 

In  this  lest  jhc*  standard  dihinft*t!tani  is  pttre  phenol  {rarbolit'  at  idl,  t'.JlAif!, 
and  the  power  of  a  ilisinfialanl  is  c*\prohhod  immrriually  in  uiulnplf’s  of  lln'  aiiimiiii 
of  fHire  pluftiol  which  w'iii  atdiiovc  the  sanio  gcrinirida!  rosult.  ‘Hiix  nnilltplr  ri 
railed  “the  Rideal Walker  carbolic  acid  coefficient,"  ta  “germicidal 
value  **  of  tin*  disinfertant. 
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To  give  an  example,  if  a  disinfectant  has  a  “carbolic  acid  coefficient”  of  lo,  it  means  that  the 
disinfectant  acts  ten  times  more  powerfully  than  phenol ;  in  other  words,  i  part  of  disinfectant  will 
act  with  the  same  power  as  lo  parts  of  phenol. 

The  Rideal-Walker  test  is  usually  applied  as  follows  : — 

The  disinfectant  is  dissolved  in  sterile  distilled  water,  several  different  con¬ 
centrations  being  made,  e,^.,  i  g.  disinfectant  to  500  c.c.  water,  i  :  550,  i  :  600, 
I  :  700,  etc. 

Next  5  drops  of  a  twenty-nine  hours’  blood-heat  culture  in  broth  of  an  organism 
is  added  to  5  c.c.  of  each  of  the  diluted  solutions  of  disinfectant,  and  subcultures 
are  taken  with  a  platinum  loop  from  each  solution  each  two  and  a-half  minutes  up 
to  fifteen  minutes.  Each  subculture  is  incubated  at  37°  C.  for  forty-eight  hours, 
and  it  is  noted  whether  the  culture  lives  (denoted  by  + )  or  is  dead  (denoted  by  -  ). 

A  similar  experiment  is  carried  out  with  a  solution  of  phenol  of  known  strength, 
and  the  results  are  compared. 

The  following  results  are  typical : — 


n/s/.vF/iCT.iyTs  jyn  AyrvsF/w'/iW' 


X'oinpiiring  tlu'sc  results^  it  will  he  seen  that  tlu‘  tiisiufVriatii,  tiiliiUnl  i  ,  j 
acts  with  the  same  j^owtT  as  a  phent»l  s«>Iution  of  dilution  i  :  loo. 

lienee  the  “('arholic  arid  rut'ftirient  ”  or  '^germicidal  value’’  i>f  the  di . 

infectant  is  —6,  /h’.,  r  part  of  disinfedant  will  do  the  work  of  6  paits  of  pfieiiol. 

lOO 

The  following  shows  the  gt*rmic‘idal  valiu*  (Ridral  Walker  t*arho!it*  a?  iil 
coefficient)  of  various  disinfectants  towards  Ik  (vp/nKMis  :  — « 


M(M’t'uri(’  (idoridc 

Hypo('ldorit(\s  ((adtailatcd  on  availahlt*  <  hlotiiud 
Iodine  watcu' 

Iodine  trichloride 
hroinin(‘  water 
hotassium  ptumanganati’ 

( 'hlorinc  water 
Silver  nitrati* 

Forrnit'  aci<l 
Ben/oic  a<*id 
Sodium  hisulphate 
('lesylii'  acid 

(‘opptu’  sulphatt*  (calculated  as  i  ‘uSOj) 

Lactic'  ac'id 
I  lydrot'hlont'  ac'id 
Isucalyptol  ^ 

(ktaiacol 
Ac'ctic*  ac'id 
Formaldcdiydt' 

Resorc'in 
( Innosol 
Byrogallic  acid 
Zinc'  eldoride 
Boric*  arid  - 
Alcohol  (absolute) 


i/xiJfj/  (Wfii  e‘w/i 
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INDUSTRIAL  CHEMISTRY 


PART  I.— ORGANIC  DISINFECTANTS  AND  ANTISEPTICS 

Coal  Tar  Fluids. — These  consist  of  dark,  thick  fluids,  smelling  of  coal  tar, 
and  containing  phenolic  bodies  or  their  sodium  or  potassium  salts  mixed  with 
soaps,  resins,  etc. 

Water-Soluble  Solutions  are  achieved  by  converting  the  phenols  into  their 
sodium  or  potassium  salts. 

For  example,  a  well-known  mixture  consists  of  crude  creosol,  i  part ;  potassium  soap,  i  part ; 
which  are  heated  together  with  stirring ;  often  alcohol  or  glycerol  is  added  to  such  mixtures  to 
increase  the  solubility  in  water. 

Recently  linseed  and  other  oils  have  been  sulphonated,  cresylic  acids  then  mixed  into  the  liquid, 
and  caustic  soda  or  potash  added  in  sufficient  amount  to  obtain  a  water-soluble  neutral  solution. 

The  liquids  which  yield  emulsions  with  water  consist  of  nearly  insoluble 
cresylic  and  other  phenolic  acids,  mixed  with  soaps,  resins,  oils,  gelatine  and  soda. 

The  cresylic  acids  and  similar  homologues  of  phenol  are  much  less  soluble  and  much  less 
poisonous  to  man  than  free  phenol,  and  at  the  same  time  have  a  higher  germicidal  value  (see  list 
above).  Consequently,  most  of  the  commercial  coal  tar  disinfectant  fluids  are  now  practically  free 
from  phenol,  and  are  practically  non-poisonous.  The  Privy  Council  Orders  of  1900  and  1902 
prohibit  the  uncontrolled  sale  of  liquors  containing  more  than  3  per  cent,  phenol  or  its  homologues. 

Guaiacol  (methyl-catechol,  CqH^(OH)(OCH3))  and  creosol  (methyl-guaiacol, 
CgH4(OCH3)2)  are  contained  in  wood  creosotes,  and  form  the  basis  of  disinfectants 
and  antiseptics  much  used  in  the  treatment  of  tuberculosis. 

The  g’ermicidal  value  (Rideal- Walker  coefficient)  of  guaiacol  is  only  0.9  that  of  phenol, 
whereas  its  antiseptic  power  (z.^. ,  power  of  preventing  the  growth  of  bacteria)  is  stated  to  be  2.5 
times  that  of  phenol.  A  i  per  cent,  solution  kills  B,  tiiberciclosis  in  two  hours. 

OH 

/ 

_ / 

Thymol  (CH3<^  present  in  oil  of  thyme,  in  saturated  solution 

0.3  per  cent.)  arrests  putrefaction. 

Resorcinol  (m-dihydroxybenzene,  m-C6H4(OH)o),  catechol  (o-dihydroxy- 
benzene,  o-QH^^OHo))  and  hydroquinone  (quinol,  p-dihydroxybenzene, 
p-CgH4(OH)2)  and  pyrogallol,  CgH3(OH)3,  are  all  powerful  medicinal  antiseptics. 

A  I  per  cent,  solution  of  resorcinol  is  very  effective.  A  9  per  cent,  solution  is  sold  as 
Andeer’s  lotion.’’  Bismuth  iodo-resorcin  sulphonate  is  sold  under  the  name  of  “  anusol.” 

Pyrogallol  (C6ll4(OII);j)  is  an  effective  bactericide  in  a  3  per  cent,  solution.  It  is,  however, 
poisonous  and  quickly  oxidises. 

The  antiseptic  values  of  these  phenols  may  be  taken  as  hydroquinone  30,  resorcinol  25, 
catechol  20,  pyrogallol  15,  phenol  being  taken  as  20. 

The  Rideal- Walker  carbolic  acid  coefficient  of  resorcinol  is  0.30,  of  catechol 
is  0.25,  and  of  pyrogallol  is  0.22. 

Beta-naphthol  (CioH^(OH))  is  much  used  for  internal  disinfection,  the  usual 
dose  being  3-10  grains. 

A  solution  of  0. 5-1.0  per  cent,  of  B.-naphthol  dissolved  in  alkaline  carbonate  solution  kills 
typhoid  germs  in  a  short  lime.  The  free  B.-naphthol  has  a  greater  germicidal  action  than  its 
alkaline  salts. 

B.-naphthol,  up  to  10-15  cent.,  is  much  used  in  ointments  in  certain 
skin  diseases.  Certain  derivatives  of  B.-naphthol  are  very  powerful  disinfectants. 
Among  these  may  be  mentioned  the  non-poisonous  and  odourless  halog'en 
substituted  naphthols.  For  example,  tribromonaphthol  (CioFl4Br3(OH))  in 
dilutions  of  i  :  250,000  has  a  decided  germicidal  action. 

The  halogen  substituted  naphthols  are,  next  to  mercuric  chloride,  the  most  powerful  dis¬ 
infectants. 
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'Fhe  t-asily  soluble  calcium  or  aluminium  salts  <»t'  B.  naphthol  sul 
phonate  are  in  Uu'  nuirket  umler  such  names  as  “  abi.rUol,"  “almnnol,''  ele. 

A  dilution  of  i  :  2$o  will  inhibit  the  |^^r<jwth  for**i  .uul  .inul.u  b.ielriia. 

Various  essential  oils  have*  a  clistirui  aruist*ptir  valiu\  Oil  of  eucalyptus 
(Rideal W'alkcr  ('oeffa'icnt  i.-^)  tind  pinol  an*  widrly  usrtl.  Saoitas  ii  . 

disinfec'ling  powers  to  tlu‘  slow  oxidation  ttf  (Hnlain  essenUal  <til%,  wluirby  ozone 
is  t»entTatt‘d,  reabsorbed,  atul  the  oil  n'geiua’utetl  (see  British  fhiteiit,  ,‘74,  iSyio. 

Benzoic  acid  ((',,Hr,.(X)()II),  and  salts  th<*reot',  are  pHweilitl  uiilisrpiii*s,  i 
part  dissolved  in  400  of  water  kills  /o  /i/Zz/ova"  in  tlnee  ot  four  nuttufe's  csoz/ 
per  (X‘nl.  hen/oie  acid  in  milk  retards  souring,  o,zh  per  rent,  sotlium  bcm/oale  jod 
0.29  [)er  (a‘nt.  potassium  hen/.oate  havittg  an  equal  value.  Rideal  Walloi 
efficient  is  5.0. 

benzoic  acid  :ind  hen/oates  are  not  ptd'.onon*.*  lU-hu  u«'i  d.iv  in  t““d  It  u**  }iriui»<n . 

el'lhc't  on  tuan.  Hcma*  the*  usi*  uf  hc*n/»»ie  acid  anti  hfU/o.Uo.  in  f«t»nl  |<tf  ;  flu  n  !  s.sr  and 

snifll,  luiwevcr,  tend  to  (lavoui  the  |*“*'d*.. 

Salicylic  acid  (n  C’,;nj((>Il).C'()OIl)  is  widely  UM-d  as  an  aitli-rplii  It 
is  only  sptiringly  soluble  in  wtUiX  (i  1500),  and  at  this  tlilulitui  it  takes  liner  hMin  . 
to  kill  />*.  /y/>//e.v7/.v. 

Its  food  pri‘St‘rvative  valiu*  is  about  that  of  ben/uie  aeicL  Mnuhls  and  b-inif  ni . 
:irti  inhibitecl  by  o.  i  per  (‘cut.,  smaller  r|u;mlittes  than  this  bring  iiieifa  imit. 

Salol  (phenvbHalieyhUe,  ( qi  R.C  U  Id  *t  H  K i>.  n-.r*!  a.  ;tii  iiifiiti.il  .Uifisrgfi*,  brjui'  l-.tdf  » 

lysed  when  in  the  intestines  initi  phenol  mn!  salit  ylie  aeitk 

Salopheii  is  p  anunophen)'!  acetyl  salicylate  :  it  lias  a  stnaii'ei  .uai.f'pfn  m  le'U  ihoi  .il  4 

Acetic  acid,  propionic  acid,  tartaric  and  citric  acid  h.iw  .ill  .t  .iiuuni 

|ire.serviUiv<-  jxiwer  tmvards  certain  luieteria, 

A  5  p<’r  c'ciit.  solution  <»(  acetic  acid  was  found  hv  Unlr.d  a*  loll  /**  .d  m  lor  nnsoiir-.  ;  4 
2.5  pel’  rent,  sidtition  killed  it  in  fiftern  minutes,  while  liir  Isicirua  ttrir  luialUtlid  afir*  rutV 
minnttvs  hy  0.5  per  rent,  solution.  ‘Ilte  Ridrul  Walkei  isirtnurnf  h*i  airli*  ai  pI  r.  o  o  riiMhi  1 
germs  are  stated  t«»  lie  killed  hy  tJoiK  per  rent,  sohiiiun,  ul  eilfir  iietck  .in«l  t^4iop|  |y.  inr*  t'% 
o.  I  per  cent. 

Citric  and  tartaric  arid  solution?.,  liowe\er,  .*H»n  iy»  mouldy  in  warm  wrathn 

Lactic  acid  has  considerable  disinfeeiing  anti  germit  idal  \aliir,  liaviiiy  a 
RideabWalkt^r  caudlku’ent  ui‘  i,H.  It  is  mueli  tised  in  vaiious  foi iiiontafmn 
industries  as  an  antisepticx 

Formic  acid  (HC'OOII)  is  a  powerful  antiseplie  mul  geuiiit  {d«%  the  Ridcml 
Walker  t*oeffjeicnt  being  5.7. 

Ar.eording  to  RitleaJ  a  o.  ^  per  eenl.  agueoiis  solmi»»n  wall  kill  /»,  /i/4e  /#  m  lilirrn  immitro 
and  o.i  per  rent,  ‘mluiitm  will  kill  this  organism  in  lliiiiy  iminitrs,  ,yi4  will  mhilai  ifir  ,4 

nuatltl.^  I'onnie  arid,  htJWever,  is  less  eftuieni  than  foimahlehid**  m  dr  Ji.4in.p'  spMir  4  |p  -.all. 
of  fiUtuie  arid  ate  not  efieetive  dtsinfeelants. 

Formaldehyde  (I l.C! I lO)  is  .sold  as  an  atiiisrpm-  a*,  a  pn  M-iii  smIuiimh 
undc‘r  the  name  formalin.”  1‘hr  Ridral  Walki-r  eocdlitmail  e.  o  vp  A  sMliuiMfi 
of  1.5  per  rent,  formaldohytle  (4  pinls  formahn  in  to  ipdls  of  walni  will  keep  umi 
immersed  therein  for  ton  minuu*s  fur  ten  lu  twritlvniie  d.i)s  tungi  i  lli.in  wlmii 
untrtxited.  i  part  ftirmaklehytle  m  50,000  wain  ( i  pail  tiifiii. din  b*  it  J,l4i-4i  I  tt.Ori  I 
will  keep  milk  from  souring  for  twenty  four  liiiins  wiilioiii  mitny  Im  liealfh  1  pan 
fornialin  to  10  parts  watm*  is  msml  bir  pteseiung  bodti”,  h»r  ili-e.ri  iiofR  ff« 
0.0030.03  per  rtmt.  stops  tfic  development  of  batirria  ;  thuuj  tijjiuf  4|t»|i%  iho 
development  of  yeasts;  while-  nioiiltls  are  inliiliitrd  by  0,1130,175  pri  *1-10, 
Soft  potassium  stiaps  impregnaied  with  formalin  are  nuirli  iiHnl’ in  «.|eaaii».!o  Imi 
in.strument  and  liand  disitifcuiion. 

Fnrmaldchycie  in  small  aiiimiiit  1%  piesrnl  in  aimlrd  li-di  ami  barMfi  ft  :  'a.  i 

of  weight  of  goexk)  and  h  one  til  the  agents  which  rifrri  pirm-rvaltoit  of  aiuAr.l  pi«,u  .PUr, 
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Paraformaldehyde,  paraform,  triformal  (CH20)3,  is  a  solid  polymer  of 
formaldehyde.  It  dissociates  when  heated  into  gaseous  formaldehyde.  It  is  only 
slightly  soluble  in  water.  It  is  used  for  disinfecting  instruments,  also  as  an  internal 
disinfectant.  It  is  also  widely  used  as  a  means  of  generating  gaseous  formaldehyde 
for  disinfecting  rooms,  etc. 

Mixtures  of  paraformaldehydes  and  peroxides  of  sodium,  or  barium,  form  formaldehyde  and 
hydrogen  peroxide,  a  powerful  disinfecting  agent. 

Iodine  cyanide  (ICN)  is  fatal  to  all  lower  forms  of  life,  and  its  use  as  a 
preservative  for  biological  specimens  has  been  suggested  by  Kobert. 

Iodoform  (CHT^)  is  a  powerful  antiseptic,  formerly  much  used  in  surgery, 
although  it  is  stated  to  be  less  efficient  than  a  dilute  solution  of  iodine. 

Carbon  tetrachloride  (CCI4)  kills  typhoid  germs,  but  chloroform  (CHCI3) 
vapour  does  not,  although  the  latter  is  efficient  in  aqueous  solutions  (0.62  per 
cent,  solution  takes  thirty  minutes),  and  chloroform  is  frequently  employed  for 
preserving  specimens  and  infusions. 

Other  Organic  Substitution  Compounds  of  Chlorine,  Bromine,  and 
Iodine.~Most  of  these  have  a  high  antiseptic  value.  For  details,  see  Bechhold, 
ZeitscL  Hyg.  Infect,^  1909,  64,  113. 

Saccharin  (Benzoyl-sulphonic-imide)  has  some  preservative  power,  and  is 
non-fermentable.  It  has  been  used  medicinally,  and  is  a  preservative.  See 
Martin's  “  Industrial  Chemistry :  Organic,”  under  Sweetening  Chemicals. 

Hexamethylene  tetramine  made  by  evaporating  together 

ammonia  and  formaldehyde,  has  long  been  used  as  an  antiseptic  under  the 
name  “  urotropine.” 

Hexamethylene  tetramine  forms  the  basis  of  a  large  number  of  antiseptic  preparations. 


PART  II.— INORGANIC  DISINFECTANTS 
Oxidising  Disinfectants 

Ordinary  oxygen  (Oj>)  has  a  distinct  germicidal  value,  especially  in  the  presence 
of  light.  Its  active  modification,  ozone  (O3),  is  one  of  the  most  powerful 
disinfectants  known. 

According  to  Rideal,  ozone  in  the  proportion  of  0.6  g.  per  cubic  metre  of  water  (f.t’.,  6  lbs. 
per  1,000,000  galls.)  destroys  all  dangerous  bacteria  in  average  filtered  river  water. 

Ozone  treatment  effects  a  great  improvement  in  the  physical  and  chemical 
properties  of  the  treated  water,  and  leaves  no  injurious  chemicals  behind  in 
the  water. 

Ozone  treatment  can  only  be  applied  to  clean  filtered  water,  i.e.j  water  free  from  much 
oxidisable  matter,  ferrous  salts,  etc.,  otherwise  the  consumption  of  ozone  would  be  too  great,  this 
substance  being  rapidly  destroyed  by  organic  and  oxidisable  matter. 

Ozone  has  also  been  used  for  improving  the  air  of  underground  railways  and 
the  like. 

Ozone  is  especially  active  towards  micro-organisms  when  moist,  less  so  when  dry. 

Ozone  is  absorbed  by  certain  essential  oils  and  confers  on  them  oxidising  and 
disinfecting  properties.  This  is  the  basis  of  the  well-known  disinfectant  “  Sanitas  ” 
(see  above). 

Various  other  liquids  absorb  ozone  and  the  resulting  fluids  are  powerful  oxidising  agents.  Thus 
according  to  the  British  Patent,  4,153,  of  1902,  acetaldehyde  absorbs  2,800  vols.  of  ozone;  a 
10  per  cent,  solution  of  acetaldehyde  in  water  absorbs  536  vols.  of  ozone. 

Alcohol  is  stated  to  absorb  750  vols.  and  ether  800  vols.,  forming  stable  solutions  which  can 
be  used  in  surgery  for  sterilising  purposes. 

It  should  be  noted  that  many  ozonides  are  explosive- 
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lK3r  further  details  regarding'  the  use  of  o/one  as  a  disinfeelant  see  this  vvfiik, 
Vol  L,  under  Ozone  and  also  under  Water, 

Hydrog’en  peroxide  (HoO.j)  is  a  ptiwerful  gennit'ide.  In  dilute  suluiiou  it 
does  not  injure  foods,  and  is  non-poisonous.  It  dues  not  dt*strtjy  en/ynu’%  Mu  h 
as  diastase,  pepsin,  pancreatin,  ptyalin,  although  it  attueks  an<l  destnas 
certain  other  enzymes,  such  as  catalase  (eontaiiu'd  in  mall,  milk,  vcMst,  vU\). 

Those  properties  make  hytlrogen  peroxide  very  suitable  as  a  luevavatiu-  t.»i  milk  ant!  .iuid.u 

Ricieal  slates  that  when  milk  is  ireaietl  with  o.C»  g.  n..<  K.  p<*i  Htn'  ami  lu*atelt«»  t*.  Ims 

eight  hours,  the  milk  kept  imehangcd  for  (bur  weeks  in  a  eloped  leeeptaelr,  and  w.m  tmeliatiip'd  m 
physical  prijpertitjs.  Thus  the  pasteurisation  of  milk  is  elfeticnl  at  a  Inwet  tempeialuie  m  ilte 
presence  of  hydrogtm  peroxide. 

One  per  cent,  of  hydrogen  peroxide  will  destroy  pathoga'Jtj*'  hacteda  m  ahuui 
twentydour  hours. 

Ilydrogtm  peroxidt*  is  largely  nst‘d  tis  a  spray,  gareje,  and  a  dtc'sing  hu  \\t»unds, 
also  as  an  internal  disinfm  lant. 

Jt  is  sold  under  various  names,  such  as  perhydrol  (30  \H'r  tami,  Milutiun  ip\ing 
off  too  vols.  of  oxygen):  dioxogcn  (j,  per  t'ent.) ;  peroxol//‘ pyrozone/' 
‘‘ glycozone ;  all  these*  (‘ontain  hydrogen  pc‘ro\i<lc‘s,  sometitui's  mi\<al  with  tuliet 
disinftfctants. 

A  solution  of  liydrogett  ptu'oxide  in  etlaa*,  eonlaininp,  i.i  pei  tent.  ILO.,  has 
been  ustsl  in  searlei  htver  ami  whooping  cough  uiuler  the  name  “  ozonic  ether." 

hdhercal  solutions  of  hydtogen  peroxide  arc  more  stable  than  ;n|ueou.  Miliitiims. 

Metallic  Peroxides 

Koregger  atul  Philipp  (ftwr/i,  SW.  Ckfm.  /u7„  tig-ifg  it|H)  slate  that  calritllll 
peroxide  is  better  than  ityclrtigen  peroxide  for  Jdeiiiising  milk,  the  ellnis  tnung 
mueh  more  tlurabks 

For  sterilising  water  tablets  of  mag'liesium  peroxide  aiul  egrit"  ac  ii|  Inivc 
been  used. 

'Phe  eitrie  ai’id  on  (aiming  into  eonta<1  widt  the  wafer  attat  ks  tin*  magfirsiiim 
peroxide,  lilHUXiling  hydrogen  peroxide.  Ataanding  to  Park  rsj  g.  ol  magnrsiiiiti 
peroxide  kilkal  2,000,000  typhoid  cirganisms  camtiiined  in  e.e.  ui  wall  i  in 
one  minute,  o.i  g.  magiu*sium  peroxide  aehievtal  tlie  same  tcstilt  in  tliitly  mimilc'.. 
Magnesium  pcTOxidc*  is  ttu*  main  tamstittutrit  of  **  Hopogati.*'  C  ak  iuiii  iiriuxidi- 
and  magnesium  peroxidt*  !ia\a^  heeti  ailvcHaited  as  a  tamsiiturnl  of  louth  piavdiu 

Sodium  peroxide  also  generates  oxygen  or  hydiogen  pen»\tdt%  ami  lia% 
disinfe<aing  propr^rties.  Unfortunately  it  yit'lds  a  strongly  alkidinr  Mihuicat. 

Zinc  peroxide  also  evolvt*s  oxygen  and  has  poweifu!  antisepiic  |trt*jieiiir*. 
It  has  been  sold  under  tlu*  names  “  Uerinogen  ^Uuui  **  fsktogan/' 

Mercury  peroxide  has  antiseptic  properties,  and  Iras  Ireen  used  a*,  a  mm 
.stituent  of  ointnumts  and  similar  preparations, 

Persulphates,  percarbonates,  ami  perborates  havr  tni'uily  bmi  inifi* 
duced  as  disinfer’tanls  (see  this  work,  Vol,  L,  umlcr  Oxidising  AgentSk 

Permanganates  and  manganates  have  long  Innm  m.cd  a%  <li%mtrci4iiis 
under  the  name  of  ( ‘ondy’s  Red  and  (keen  Muids. 

both  the  sodium  and  potassium  salts  have  powtuful  disinfrcling  piopnlir-., 
hut  tlie  sodium  salt  .seertis  to  he  prikcrred. 

They  owe.  dieir  germieidal  aetioii  to  tlirir  oxidising  properlitei,  and  air  lapidH 
niduced  by  oxidisahle  matter,  yiekling  In'oun  oxide  of  manganese.  (  onsei|iiriiilv 
disinfection  by  permanganalts  can  only  be  ca'onomicaliy  exercised  m  ue*rs  wbrir 
there  is,  comparatively  speaking,  only  small  amounts  of  o\idisal*le  malOa  piesfuii, 
The  Ridea! -Walker  coeflieienl  of  potassium  permanganau*  is  42. 

The  usual  nn'tluMl  uf  apjiHixUkm  1%  in  iM  the  gnuiiingafiitlr  iitiiit  llir  wairt  eri 

manentiy  jrnk,  and  fur  polhuetl  watenn  thi*  |hiik  othmr  duHild  prisist  Un  IwniH  l*>m  Immv.  I  l,i . 
pn^cess  ta  lUduRctHm  has  Umg  l>ern  imiriRed  in  India  in  ra-^cn  nf  w.iin  ud  ui 

rhnlera  iferins. 
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Chlorine  and  Hypochlorites 


Chlorine,  owing  to  its  chemical  ])ropcrtics,  nan  at  I  a%  a  ili  .inlfi  laiif  Itv  uniliin; 
with  the  hydrogen  of  water  and  liberating  nascfiif  ii.  wliu  It  iln-n  ili*htiu\% 

the  organisms.  Chlorine  also  acts  hy  directly  at  tat  kina,  thr  ni  aiiif  {uaift  i,  fuunini* 
substituted  compounds  incapable  of  putrc'fying. 

Chlorine  acts  as  a  direct  poison  towards  bacfnia.  t  IiImuiic  wan  !  li.i*.  :i  kitlc.il 
Walker  carbolic  acid  coefficient  of  28. 

Perhaps  the  most  im[)ortant  disinfctiing  clh^nt  ttbfaiia  d  }*\  atni  also 

hypochlorites  is  an  indirecl  one.  'flui  suhstiuita  »ii  t « ntip*  whe  h  ||ir\  luuu 

with  organic  matter  act  themselves  as  powtaftil  gniiiu*  air  ., 


According  to  Rideal  [Joiirn,  Roy,  San.  man  31,  -*  r  th*  .<•  !<..!}  li.r  hk 

the  chloramines,  and  hydra/dnc. 

Rideal  proved  this  l)y  showing  that  although  the  RpCmI  U  dl*  i  -  ir  '.h  il  « . m, }» 
only  2.2  for  i  per  cent,  available  chlotine,  yet  on  atfdiog  -n?  -i  ^  |  m 

value  increases  to  6.4,  and  remains  neaily  at  the.  I  c-i  ■■■  **1  Ir  ’'Si  "m.  *■  ifji' 

germicidal  value  of  ammonia  hy  itself  is  only  ahtuu  ftj.  rots  lo  *- I  _  ooi,  j.h!  rti-  i  sim  4 

be  due  solely  to  the  presence  of  chloramine  (Nn..<li.  .1  oj  .  ?  ,.,lnn  lilt* 

hypochlorous  acid,  and  which  gives  the  hliu‘ leaeiion  uilli  Is!  .osd  lh  Ij  lie-  .  /  J.  .1  tnisie- inole . 
with  the  excess  of  ammonia  usually  contained  in  sewage,  !*anin.  ;  liyclnwtiiir  \!l  t  !  \|| 
NIIo.NIIo-f  MCI),  which  has,  in  the  form  of  fire  be* •»  Ri  h  ?.!  U  iV.  n  -rnu^nA  t4  44. 

('oinpound  chloramines  arc  formetl  when  ehlonnr  ati  .  ‘^4  uAt  .  .,14;.  .  >4  i  ja-ae 

complex  type  than  ammonia,  and  these  compound.  ,ue  hi-  I  ■  -  <53  .  e  ia  '.■■ns,.  5eiiritii,i;  «.a 

attack  their  cellulose  envelopes. 


The  fact  that  chlorine  in  a  free  state  is  itn'oiHfinriil  to  t:  »•,  .ind  ilmt  a  .n  is 
much  more  powerfully  when  suitably  t'iimhincHl,  tni*.  *  airv.-d  ihr  ige,  in  li<*  irpkii  ni 
by  hypochlorites,  which  are  chea[)  and  elfHatnil,  and  wlnr.r  iniiy  v>  iiaM-annl 
by  the  amount  of  “available  chlorine  ”  tluit  iIha  miiif.tiii  'Hir*  RitliMl  U.ilkrt 
coefficient  of  hy[)ochlorites  ((‘alculattal  on  ‘\iijiLibir  1  iilniifir  ”t  r.  t  |0 /iH. 
The  chief  hyi)ochlorite  used  is  “chloride  of  lime"  01  blearhiog  powder" 
(cak  chlorinata),  which  is  prepared  as  dcfnailinl  in  wink,  \t»|  i.^  lifnlrj 

Bleaching  Powder,  d’he  activt*  liasis  is  calcium  hypochlorite  i  !il»aiilcot 
lime  has  the  great  advantage  of  being  an  easily  iranspMiLtbh  .ntfl  1 ,  %ri  \  t  hrap  ; 
but  it  suffers  from  the  serious  disadvantagr'S  c>f  biniig  mi  **\|hisiiii* 

to  moist  air,  takes  a  considerable  lime  to  pass  iniu  iltifiun,  auil  ji-Mir',  Iw’hiiitf  a  bitlky 
residue  of  undi.ssolved  lime.  Moreovta,  it  leaver  i»it  ili  •  .  to  ,i!r,i  .1 

of  dam})  for  a  long  time  from  du*  higldy  dcli»}iii-d  nii  lah  mm  ,  lilmidr  Wlmn 
applied  for  the  purification  of  drinking  water  it  iin|i.iils  a  I4  4r  4iid  im 
its  hardness.  In  s})ite  of  these  dkuivantagcH  t'liluinlf' mI  hiuv  i4rn  widrH  iisrd 
for  treating  drinking  water,  tsspecn'ally  in  times  *if 


Thus  at  Maidstone  in  1^97,  after  an  outhreak  of  iv|ili.,i  i  I  *' 
were  sterilised  hy  the  addiikm  of  i  pm  cent.  4 

not  corroded.  At  Cambridge  in  1910  die  addilitm  of  .4  •  ^ 

proportion  of  i  part  of  available  chhniiw  U»  44H  udlhuu  e -.e  |  4 

of  the  bacteria,  and  totally  destroyed  all  the  H»h'  laefrria 

In  Jersey  City,  U.S.A.,  40, a4<jr,cxKi>  galls,  of  u.um  i.r,  o. 

chlorine  (in  form  of  chhmde  of  lime)  per  millkm  pan  .  ol  «4iri  ,< 
that  ('Oh  IS  absent  from  lo  c.c.  of  the  treated  wan-n 

At  Antwerp  0.2  available  chlorine  per  milliun  is  aibh  4  t  ,  » 

of  twelve  hours. 

In  disinfecting  sewages,  ofcour.se,  a  muc*h  larimi  aim  aim  ^  4  *  k! 
Instead  of  using  pure  chloride  of  Hmc,  Duyek  iiram  w-h  S  »  n  • 
and  o.S  part  of  chloride  of  lime.  Tim  clarihes  the  wain,  i  |  „  ''  y 
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not  (like  chloride  of  lime)  leave  the  treiffd  mri  *  1  r  1  i 

warda  owing  ,o  ,l.o  ,,„ono!,  of  .wiii,.™;;';, ‘  '  . .  ' 
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Sodium  hypochlorite  solution  is  phu'ccl  on  tht‘  market  as  a  disinfcdant  mul«*r 
several  fancy  names. 

Thus ‘‘ antiformin  "  contains  sodiuni  hypnchloiitf  aiui  rausiii*  smla,  and  has  hren  iniu  h  issrd 
in  breweries.  “Chloros”  is  a  solution  of  sotliuiu  hypnehlontr  cuntainini';  lo  |(cn  cent,  avadable 
chlorine.  “Oxychloride"  C(»nt.'dns  um2  |k*r  cent.  a\ailal*le  eddnune.  The  dd  "Hau  <lr 
Javel"  was  potassium  hypochlorite  (nuule  by  <*hl< u inatini’  puia’.sinm  hytiinxiilcO.  le.  pla>  v  e,  in»w 
uiken  by  the  well-known  “  Eau  de  Labarraque,"  which  !■.  a  chlurinated  siufa  cotjfainini!  a.  ,  pn 
cent,  available  chlorine. 

“  Her  mite  Fluid"  is  a  well  knowji  lluid  prepared  bv  the  ehaitolytic  nieiiuMl,  CMnlatninp 
4-5  per  ('t'Ht.  available  chlorine.  It  contain.s  magnesia  ami  alst>  lica*  hypocbloioii*.  acid,  and  ha. 
been  successfully  employed  in  several  London  districts. 

I.ocal  disinfi'Ction  cait  he  iU'hitwaal  hy  sodium  hvptu'hlcu’itc  sulutions  c(»ntaininf. 
0.35  per  ('tail,  avaihihle  <’hloriiu\  which  will  kill  imed  (jpdanisms  in  a  lew  mintitm 
and  will  destroy  all  palhogcnit'  spores  in  tlu‘  space  ol'a  cotipli'  of  hoins. 

filtered  ivaier^  howtwor,  rctpiirt's  imi<*h  loss  availaidc  chlonm*  t«» 
tdTet't  [)raclictil  stmalisation.  At'cordittg  to  Kidonl  0.75  i  pait  «d  a\ ailahlr  «  h!i ainr 
to  (‘at'h  millioti  [tarts  of  water  (h'stroys  all  harnttul  iui«t«ata,  ami  .itin 
water  has  stetod  for  a  couple  cd  luntrs  its  tasii'  and  taititti  ate  urn  li.iuiaal. 
Swimming’  baths  arc  also  Inait  .Storilisod  hy  sodium  Ityporlihuilo  soluiton,  win*  It 
destroys  surfa('c  growths  and  hacteria. 

In  tlu‘  cast'  of  sewage,  however,  very  much  huger  quaniiu«’s  of  Ityptu  liloute 
.solution  must  he  used  in  order  lo  tlisinfect  th«‘m.  11ns  w  on  accutml  of  die  Luge 
amount  of  oxidisahle  matter.  In  faet,  it  is  on  tliis  aeeoutu  uneeummma!  to 
diret'lly  disiidet't  st'wage  with  hyporhlorites.  It  is  best  to  purity  h)  tilhei  uieam, 
(se<‘  disiKKsal  of  .sewagt;  under  Water,  this  work,  Vol.  I.|,  and  hnally  u%e  hypij 
chlorite  for  imjiarting  fmal  sterilisation  to  llu*  paittally  puiihed  liquid. 

In  Annaica  it  has  been  proved  that  tteatini.' sew. ige  effluents  wnh  c  [aiis  pri  nullion  oLivatlabIr 
chlorine  a[s[died  as  soilimn  hypoeddoiite  will  <lt*stioy  about  n*/  pet  teta.  of  all  lailrini  ttt  dnail 
two^  hotiiss.  KideaJ  states  lliat  4  putts  ptn  millitni  «>l  .tiathtldr  thfottnr  applied  paUnilU 
purified  cliluenK  will_  retluce  the  badeiial  ('ontents  to  al»out  io  pri  re.  of  bipnd,  ty 

parts  per  million  <it  available  chlotiiic  coinpletely  desttoyc'd  all  «u|*aiitstie*  in  iilutiil  litirrn 
minutes. 

Raw  sewagfc,  lumawtu’,  required  ftn  complete  stetiltattoii  about  |n  70  pans  t.f  availablr 
cldoriue  [>er  million  putts  wattu,  and  a  coniaet  pedod  of  l^eiwrnt  font  and  live  himis  |  .re 
Kideahye///'//.  itey,  Sau,  /inf,,  26,  7  ;  niiic*,  p.  t  /one.  /aon/.  nfoii,  4,  |  Srr 

also  U..S.  I)e[»t.  (»f  AgiicuUurr,  Bull,  115,  (h!.  nst;  ;  Moya!  C ‘onuntssiMii  on  Sewage,  Apprmli^ 
IV.,  iqio,  [Ip.  84  lyr  ;  Rep.,  njoS,  015  2ut). 

Kruin  thyso  results  it  will  be  seen  that  lime  is  an  essential  bu  lor  in  eausini; 
cClident  sterilisation.  A  small  anunmt  of  (lisin(e(  tant  aftm,!;  fot  several  horns  wiii 
cause  almost  complete  sterilisation,  whereas  to  at  hieve  the  same  tesulls  m  a  lew 
minutes  rctiuires  a  large  proptirlinn  of  tlisinfectaiit,  amt  (excepi  in  ilie  ease  ol  o/oiie 
and  hydrtigtm  peroxide)  leaves  hehind  in  the  treated  water  t  tmsiderahle  amotmis  of 
residual  chemieals,  whieh  anfi-et  the  palatahility  and  odour  of  the  watei. 

Rt'iiwval  of  Chlomit'.  In  order  to  remove  ehlmitte  iVom  thinking  watef. 
sterilisetl  Iherithy,  it  is_either  treateii  with  metallie  iron  (Thiesli,  Hiiiish  I'aienl. 

of  1900)  or  else  iiltered  through  foke  (( 'antly,  British  I'atenl,  .,,ata.  ol  itjotjj.' 
In  order  to  deteet  free  ehltirimt  in  thinking  water  .slerilised  hy  hypiu  hlotiies, 
I.e  Roy  {Comfi.  rtnd,,  it/if,,  163,  Ji(>  j^H)  .suggests  the  use  t.f  hexametliUtii' 
pammotriphonylmedKuie,  the  reagent  being  preparetl  hy  tiissolving  1  of  tin- 
fret!  ha.se  in  to  c.e.  of  eoltl  liydroehlotie  acid,  diluletl  with  its  own  viilumi>  ol  walei, 
and  then  making  the  solution  up  to  too  e.e.  with  tieailled  water.  A  few  1  .e,  oi 
this  reagent  added  lo^  i  litre  of  water  gives  an  immediate  vitrlet  tolotation  rl  liee 
chlorine  is  present.  The  reagem  is  seirsitivc  to  ,,  parts  of  uvailahle  thlorine  m 
100,000,000  of  water. 

11ie  iisual  method  of  detecting  the  prCKcuee  of  nvailahh*  i  liloiiiii^  in  water  k 
to  add  to  the  suspected  lic|uid  a  solution  of  poiiissiiim  iodide  and  siufcln  wlii'n  a 
blue  colour  dcveU>p.s. 
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Bromine  and  Iodine  and  their  Derivatives 

Bromine  is  an  even  more  efficient  germicide  than  chlorine,  bromine  water 
having  a  Rideal-Walker  carbolic  acid  coefficient  of  64  against  28  for  chlorine  water. 
The  difficulty  of  using  bromine  extensively  for  sterilisation  is  the  danger  attending 
its  use,  although  it  is  very  efficient  for  rapid  sterilisation  in  the  field. 

It  has  been  suggested  to  use  for  sterilisation  in  the  field  free  bromine  in  thin 
sealed  glass  tubes,  and  Rideal  found  that  20  parts  per  million  of  bromine  sterilised 
B,  iyphosiis  in  water  in  about  thirty  minutes.  The  process  was  employed  in  the 
Soudan  campaign  in  1898,  using  60  parts  of  bromine  per  million  of  water  with  five 
minutes’  contact,  and  removing  the  excess  of  bromine  by  57  parts  of  sodium 
thiosulphate. 

It  has  been  disputed  whether  this  process  is  efficient  (see  Schcider,  7.eitsi'h.  f  Hyg.^  1900,  p.  53), 
and  one  objection  is  the  formation  of  residual  bromides. 

“Bromidine”  consists  of  a  dry  mixture  of  sodium  bisulphate  with  sodium  or 
potassium  bromide  and  bromate.  These  react  when  moist  to  liberate  free  bromine. 
This  material  was  introduced  by  Braithwaite.  I'he  main  disadvantage  is  the  entry 
of  residual  bromides  into  the  drinking  water. 

Altmann’s  process  consists  in  dissolving  free  bromine  in  potassium  bromide 
solution.  Forty  parts  of  bromine  with  five  minutes’  contact  per  million  parts  of  water 
sterilises  the  liquid.  The  excess  of  bromine  is  then  removed  by  ammonia. 

This  process  suffers  from  the  defect  that  a  bulky  solution  must  be  employed.  Moreover,  the 
expensive  and  physiologically  active  potassium  bromide  remains  dissolved  in  the  treated  water. 

Iodine. — Although  free  bromine  is  more  rapidly  absorbed  by  organic  matter 
than  free  iodine,  yet  the  latter  appears  to  be  a  more  vigorous  poison  towards 
protoplasm. 

Cash  proved  that  the  quantities  of  chlorine,  bromine,  and  iodine  required  for  disinfection  under 
similar  conditions  is  nearly  in  the  ratio  of  their  atomic  weights.  The  increase  of  toxicity  with 
increase  of  atomic  weight  is  apparent  if  we  compare  the  germicidal  value  (Rideal-Walker  coefficient) 
of  chlorine  water  (28)  with  that  of  bromine  water  (64)  and  iodine  water  (100). 

The  high  germicidal  value  of  iodine  makes  it  widely  used  as  a  constituent  of 
ointments  or  tinctures  in  parasitic  diseases.  The  surface  of  the  skin  is  often 
disinfected  before  operations  by  painting  with  the  tincture.  Sometimes  the 
surface  of  the  skin  is  cleansed  by  applying  a  i  per  cent,  solution  in  benzene  or 
chloroform,  especially  prior  to  hypodermic  injections. 

Iodine  has  had  a  limited  application  for  the  purpose  of  sterilising  water  in  the 
field.  Thus,  during  the  Thibet  and  Sikkim  expeditions  iodine  tincture  was 
applied  to  the  water,  the  excess  of  free  iodine  being  removed  by  the  subsequent 
addition  of  sodium  sulphite. 

Nesfield’s  triple  tablets,  supplied  for  the  purpose  of  sterilising  water,  consist  of  (i)  a  tablet  of 
iodide  and  iodate,  (2)  a  tablet  of  tartaric  or  citric  acid.  These  are  left  in  the  water  for  two  to  three 
minutes,  when  the  acid  liberates  free  iodine  from  the  iodate.  Next,  (3)  a  tablet  containing  sodium 
sulphite  is  added,  which  removes  the  free  iodine.  It  is  claimed  that  4-5  parts  of  free  iodine 
per  million  parts  cf  water  will  destroy  all  typhoid,  dysentery,  and  cholera  germs. 

Iodine  trichloride  (ICI3)  is  used  for  sterilising  the  instruments  and  hands  in 
surgical  operations. 

According  to  Rideal  50  parts  ICI3  per  million  of  water  kill  typhoid  germs  in  thirty  minutes. 
The  Rideal-Walker  carbolic  acid  coefficient  is  94. 


Acids,  Metallic  Salts,  Alkalis,  and  Metals 

Germicidal  Power  of  Acids  and  Metallic  Salts, — The  general  rule  appears  to 
be  that  in  each  of  these  cases  the  germicidal  power  depends  to  a  very  large  extent 
on  the  degree  of  ionisation  and  on  the  specific  properties  of  the  individual  ions. 


niS/XF/'T/'A.VTS  .L\/>  AXT/SF!' /7i  S 
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'rims  it  has  hccti  proved  In  the  (‘use  ol  aeids  that,  other  hriiii;  lie* 

germicidal  value  of  an  aeid  dc|H‘nds  not  so  mueh  upon_  llie  aiiiount  i»i  alkali 
required  to  neutralise  it  as  upon  its  degree  t»r  ionic*  di.ssc »eiufit»ii. 

'Fhe  same  applies  to  melallit'  salts.  In  geiuT.d  the  meUdhe  aai  pn'.srsse'.  a 

distinct  germicidal  value,  and  the  more  lughly  tluit  they  au‘  di'Noeiat<d  at  a  e.iven 
concentration  the*  gnsiter  thca’r  giumieidal  value. 

This  gcMUTul  piiiu'iple  lends  tt>  bf  ubM'Utrtl  b>Mhr  l.ni  ilut  .fvtaa!_  ..ib  *  .01!  «  ut 

inherent  toxie  efTeel  on  baetetiii,  rpiile  intlepetulenl  of  llten  degitH’  of  iMiiir  laltMii.  i 

some  disinfeeting  salts  are  uodUikHl  ox  abstnbetl  by  solitl  •aibHlaiire^  a* » < nupanuiig  bufnw.  ,iit4 

so  are  preventedfrom  exereising  their  full  lamnii-iclal  value. 

The  relationship  between  the  ehemieul  nature  of  the  didnledanf  empboed  and  if  .  di  uhIm  iini: 
powers  is,  therefore,  a  very  complex  «»nr,  but  niueb  Hpju  b*y‘  hern  ihoavn  on  ihr  aibps  1  wiiluti 
recent  years.  The  edn'ef  reseurelres  tm  the  subjerl  were  tauifd  out  la  I'atd.  Kiomp,  Sawm*  .him 
others  between  l8()7  and  H)ch)  tsee  i^hauH,  loind,  to  vvhn.e  papm  <  far  n  idn  liotMi 

refer  for  further  partieulars. 

1'Atendt‘d  roscandi  has  shown  that  nu*lalli<*  salts  lank  hiyju'st  a%  y,eiiui»  ulr%  ha 
s[)orcs  (see  (Ihit'k  and  Martin, /e;//*//.  n/  //ig'/W/c,  njoK,  p.  c»g|j. 

Boric  Acid  has  only  a  vrry  small  ipatnicidal  \ahir  lUidral  W  .tllnr 

(’arholit*  acid  coeflitdVnt 'less  than  a.  i }  am!  scr  oanmd  !»e  c-umadoHni  Im  hr  a  dn. 

infoctant. 

Its  chief  valuo  lies  in  its  non  drlerahh*  pcnvrr  cd  pr«*vrntiii|*  frua  wltudi  albu  k 
food  from  dc'vebrping.  'Finis,  aca*ording  to  Ridoal  and  !*oiilrihag  paim  fd  h.iip 
attid  and  i  part  of  crystallised  Inrrax  adtied  to  8,000  piih*  ot  milk  pnarnlod  ii  liom 
hec'oming  sour  for  twt'nty  four  honrs,  ami  m»  ill  effeds  cm  llti‘  ditp' 41011  ,ippo4i  !»» 
follow  its  use  in  modcratt*  cinanlities,^ 

( !onst‘c|uentIy  it  is  now  the  main  preservative  enipluyrd  in  pir.iauii:  am 

(0.25  0.5  per  (sait.  boric  at*id),  hutlm*,  and  maritatim’  psi;  p«i  cent  Ihuh  a*  idb 
ilstially  mixtures  of  horit*  ac’id  and  crystallised  litaax  aie  cstipko.  d 

Sodium  borofluoride  (KalUp),  umler  the*  name  j>yruit.“  tec.  hetn  omhI 

a  food  preset’ va lives 

Osmic  acid  is  a  very  powerful  germiutlc,  heini,*  vmy  poi.oiion*.  amt  .t 
oxidiscr,  hut  is  too  ('xpensivc?  to  h«‘  vvitlfly  used. 

Carbonic  acid,  carbon  dioxide,  has  a  distinct  aiiiisc|iiie  miion,  rimerci, 
under  prtsssurc  preserves  foot!,  am!  many  aerated  wahns  M'rtti  hi  hr  alimca  tsiiit 

pltdely  sterilisetL 

Fluorides  am!  hydrofluoric  acid  (HR)  arc  valuahle  anlisi’piit  ,  in  llial  lltrv 
inhibit  tludT^^wlh  t)f  various  injurious  tirganisms,  altiioiipji  ilnii  dnri  1  idai 

value  is  small.  Hytlroduoiit*  at*iti  ami  its  salts  (espeesath  aimiiftiiiitrii  fliiuinlei  !i:i\e 
long  been  UHt‘d  in  llie  brewing  imlustry  in  tmln  to  t  hn  k  snle  frimriilaimiis  and 
disinfed  ruhlHT  Imse,  etc,,  0.5  i  per  cent.  firmi*.  dta  leitl  ha  tin-  ptiipir-.e 

For  furtiier  dckails  see  Martin’s  Imiustrial  diemisny  :  i  heanu  timhi  Fertllftl 
tation  Industries. 

Ilythnfhinhc  :u‘id  am!  Ilmnldr'.  c.umni  bi‘  umsI  fiu  fuM»|  p}*- ,«  j  %  .iii- u*  1-  lb?\  1  ,»u ilir*  .iivr 

clisturluUH*c%. 

Hydrofluorsilicic  acid  (ii.S.Jm)  has  !u*en  used  as  an  aniiM’|f|ii  iimti'i  llie 
names  of  “  keramyl  ”  (25  pm  cent.  ll.Sdqd  am!  “  montaiiia/*  d'tie  sodniiii 
salt  (Na.,SiI\5)  has  been  lists!  Uh'  the*  same  pmpose  iimid  the  iianic'  ‘^salufer  “ 

Hydrocyanic  acid  (IK'N)  ami  it-,  sodium  aiul  potassium  salts  at. 

t‘xt{aisivt*ly  used  as  inst‘ctit*ides  ami  hingicfdes  Csf‘e  this  \oltime  iitiilrf  Insecticides 
and  Fungicides),  hut  an-  not  oeaily  sa  effective  Unvaots  ha<  Idia  4iifl  Miiiilif  l«ov«  1 

organi.sms. 

Nitric  add  and  oxides  of  nitrogen  an*  violdii  diatiiifi  lann..  hm  ilifsi 
corrosivtt  adiun,  am!  alsti  the  exlreimiy  fitimimnix  iiatiiie  of  ilif-M*  %ttlr44iii 
(breathing  tmldes  of  nitrogen  may  cause  inflaniiiiation  t»t  llie  limp's  ami  m-rii  tii-ailth 
has  caused  their  use  for  this  piii|Hm-  lo  hv  i^xtieiiniy  liuiiirtl.  I  Ur  ««•  1  h|  diMitifi 

tion  is  very  high. 
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Chromic  acid  is  a  very  powerful  germicide,  instantly  oxidising  and  coagulating 
albumen.  The  substance,  however,  is  too  expensive,  too  corrosive,  and  too 
poisonous  for  general  use  as  a  disinfectant  and  preservative. 

Sulphuric  acid  is  distinctly  antiseptic  and,  when  present  in  sufficient 
quantities,  is  also  a  disinfectant. 

Thus,  0.05  per  cent,  disinfects  iron  pipes  without  markedly  corroding  the  iron. 
0.04-0.08  per  cent,  can  destroy  cholera  germs  in  sewage.  According  to  Rideal 
0.035  sulphuric  acid  destroys  typhoid  germs  in  thirty  minutes,  0.07  per 

cent,  in  fifteen  to  forty-five  minutes.  0.09  per  cent,  sterilises  the  drainage  from 
hospitals. 

Nearly  all  acids  possess  considerable  disinfectant  power,  and  very  few  bacteria  will  develop  in 
acid  solutions. 

According  to  Paul,  Kronig,  and  Sawey  {Pharm.  Joitrn.^  1900)  the  germicidal  action  of  acids  is 
proportional  to  their  degree  of  ionisation  in  solution,  except  in  certain  cases  where  the  acids  exercise 
a  definite  poisonous  action. 

For  example,  Winslow  and  Lochridge  found  in  the  case  of  sulphuric  and  hydrochloric  acid  that 
99-100  per  cent,  destruction  of  B.  typhosus  or  B.  coll  was  effected  with  either  acid  at  the  same 
concentration  of  dissociated  hydrogen  (the  germicidal  action  not  being  proportional  to  the  strength 
of  the  acids  as  reckoned  in  normality). 

The  alteration  in  the  ionisation  in  a  dilute  acid  solution,  brought  about  by  the  addition  of  neutral 
salts  of  the  acid,  usually  accounts  for  the  alteration  of  the  germicidal  value. 

There  are,  however,  many  disturbing  factors  to  be  considered.  Thus,  certain  acids,  quite 
independently  of  their  degree  of  ionisation,  exercise  a  specific  tc>xic  action  fJCN,  HNO3, 

CClj.COOH,  HF,  all  act  poisonously  towards  certain  bacteria).  Again,  the  absorptive  effect  of 
solids  in  suspension  affect  the  results  considerably.  What  has  been  thoroughly  proved  is  that  the 
acidity,  as  measured  by  titration  with  alkali,  does  not  give  the  germicidal  value  of  an  acid  solution. 

Acid  sodium  sulphate,  sodium  bisulphate  (NaHS04),  has  a  considerable 
germicidal  value  (Rideal-\Valker  coefficient  =  4.1).  It  has  been  widely  used  for 
sterilising  water  for  army  purposes,  being  applied  in  the  form  of  effervescing 
tabloids  both  in  the  South  African  and  the  Russo-Japanese  wars. 

Rideal  and  Parkes  (who  introduced  the  substance  for  this  purpose)  showed  that  15  grains  of 
NaHS04  to  a  pint  of  water  in  fifteen  minutes  destroyed  nearly  all  disease  germs,  as  well  as  internal 
parasitic  worms. 

Sulphur  dioxide  has  long  been  used  as  a  disinfectant,  being  produced  either 
by  burning  sulphur  in  air,  or  else  by  employing  the  liquefied  gas  in  canisters.  The 
latter  method  is  preferable,  as  a  regular  supply  of  gas  is  assured,  and  there  is  no 
danger  of  fire. 

Attention  to  certain  details  is  necessary  in  order  to  secure  good  results.  Thus  the  dry  gas 
has  little  effect  on  bacteria  and  spores,  but  kills  vermin  of  all  kinds,  and  so  is  especially  effective 
in  combating  insect-borne  infection. 

The  wet  gas  is  very  much  more  germicidal  in  its  action,  but  as  a  rule  there  is  sufficient  natural 
moisture  in  the  air  to  make  it  act  efficiently  with  only  slight  moistening.  Thus,  i  lb.  of  sulphur 
burnt  in  a  closed  space  of  1,000  cub.  ft.  dilutes  the  air  with  1.15  per  cent,  of  sulphur  dioxide. 
0.56  lb.  of  water  is  theoretically  required  to  turn  this  into  sulphurous  acid,  but  owing  to  the  water 
already  in  the  air  the  additional  moisture  should  only  be  applied  by  lightly  spraying  the  surface 
or  washing.  Rideal  found  that  when  shallow  pans  of  water  were  placed  on  the  floor  of  a  room 
with  the  object  of  supplying  moisture,  the  sulphur  dioxide  contents  were  actually  lowered  (by  water 
absorbing  the  gas)  by  over  50  per  cent,  in  twenty-four  hours,  and  disinfection  was  not  complete. 

Quantities  Necessary  for  Disinfection  of  Rooms. — 3J  lbs.  sulphur  burnt 
per  1,000  cub.  ft.  in  twenty-four  hours  killed  germs  like  B.  iyphostts  and 
diphtherice.^  but  not  B.  tuberculosis  in  dried  sputum,  nor  anthrax  spores.  According 
to  Rosenau,  5  lbs.  sulphur  per  1,000  cub.  ft.  kills  all  spore-bearing  organisms  after 
sixteen  hours’  exposure.  Of  course  the  rooms  must  be  sealed. 

Employing  liquefied  SO2  in  canisters,  one  can  reckon  that  i  lb.  of  the  liquid 
will  yield  5  J  cub.  ft.  of  gas. 

For  disinfecting'  the  holds  of  ships,  sulphur  is  burnt  in  a  special  apparatus, 
and  the  issuing  gases  (containing  air,  SOg,  and  a  cloud  of  H2SO4  mist)  are  forced 
in  until  the  SOg  contents  of  the  air  shall  reach  10  per  cent.  For  details  in  use, 
see  ‘‘The  Local  Government  Board  Report,”  232,  1906;  “Med,  Off.  Rep.,”  330, 
1903-04;  Rev.  dHyg.,  October  1902. 
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()//i('r  /  av.v  (t/  ,SV7/’/////w/v  imJ  \  .<!  .ulphuf 

ciiuxitU*  in  watfi*  (sulplturtms  acitl)  i:i  uuH'h  uscnl  as  a  Laaiun  liia!  uasii  mi  .|aa\  hi 
parasitic  diseases  like  tliplulieria,  and  is  alsn  applied  intcinall)'  in  |.;a'.!i!*  innieula 
tii>ns,  (‘holera,  et«\ 

'I'hc  snlutinn  and  als<i  hisulphites  are  wiclely  umsI  in  the  fcn'mentaliMn  .nu!  PhhI 
iixdustrit's  as  a  means  t)t' elus'kin!.*  injurinus  feuuentatiun. 

Sevtaal  pirpaialit »iis  of  Milpiti tr  .  hav a  pLiord  an  llir  nt.u kn  ' *  I  Pi \\  l.r  -  .luii  f«  no^'o!, 

UK\U  ptosmr  otyraal’s"  otf. 

'I’luTC  arcs  huwevtT,  nhjertinus  tii  llte  (extended  use  mI  snlphiles  in  lliis  diiia  tinii 
^*\<‘enrding  tn  la'lunann  0.004  per  cent,  will  not  injure  IhsiIiIi. 

Durham  (/e/z/v/.  e/  April  i«|on)  %ui»gesl%  the  maxinniiti  kaad  liniU 

4*1,11^X011  shnultl  !n‘  o.cu  per  cent,  uf  '‘total  sulplmr  liioxided’ 

Disadvantages  of  the  Use  of  Sulphur  Dioxide.  Oisr  mI  ilt*-  liiao  dt?iadvanla|p»s 

list*  Ilf  sulphui  «ljt»\ide  |ui  <h  .iiilrrlin!*  pt1tpM4Mi.1h.it  it  r.  n a  {,.  om*  ;  tt  .iC.i*  I  .  luM  i!  Jir4 
HllPstanors  (Prinp  Ilf  .in  .it'id  tutUlirl,  and  4  I’ttMl  do.il  i’.  .PlMtalH'd  In  lhr*.tk  UMni  pliJ^^i,  4  wla  h 
the  I’oiUug  ami  walk  aie  UMi. illy  I'tnaptMt'd.  MMirnun  ihr  .ul.j.uui  I-.m  pHk  p.m  n  ihny  p 'm-s, 
iiild  olntli,  Pfdtlinih  anti  siunlat  loalnt  iai .  tMiun*!  Prr.iaU  ’4rt}h,rd  In  a.  fiarii.u.d  pi?  H' >  1  m,}?;* 
t«»  ifuiovo  {h(‘in  ;uu!  In  htMtia|»  in  Itmlre..  ‘Phr  fiPir.  m|  u  \i:lr u,  san-i  oaini 

iiltoj  tiealnu'nt  uitli  Mtipliin  diMXidt*,  tt^^inp  n*  flir  ftn-  .ulphuin  .on!  pi-.dmi-d  .-j  mIsi.iIH  PIm 
i  I  itoipatini*.  Urn  inalt'i  i.il, 

Mt»ti’o\t*r  the  |'a%  pt»i  a»n«>u  ..  h  ha’*  Pron  Pnmd  ihal  iipMtti  x  p«a  mi»i.  m  ?!«r  ui  hj  *  ms  ji 
0.5  pfi  trnf.  {'.Ill  in-  l»}ralti»*t!  P«i  mhho  Inm*.  .iml  a  loplui  p»‘i*  1  nl.ir.r  ilr.  .  nt  I  <* 

l<ih*talf*il  l»y  liio.uhinp  fluMuph  a  wrl  rptili  Mtaked  i»i  ^\,e4nii|»  -.Mda. 

Sulphur  is  prineipiilly  u.setl  as  ati  tnseeiieidt*  and  lunpj*  tP*  d”'*  ^ 

lH‘ing  fully  <listaissed  in  tin*  sedinn  nn  Insecticides  and  Fungicides.  w*httii  -rr 
^I'hc  same  applies  to  the  polysulphides. 

Arsenic  is  also  priiulpally  used  as  an  inseefiridr,  it  Inang  widtdv  cmpItUf  *1  fta 
hIhh^p  dips  and  similar  preparatiiuis,  llm  prf’paration  ami  m*e*.  ot  who  h  an*  dr  a  {ilifd 

in  the^s(‘eti(m  on  Insecticides.  Fungicides,  and  Sheep  Dips.  An*rfm  .up* 
more  injuriously  on  the  higlier  forms  of  lih*  than  on  the  !«nvta.  ‘I‘lir  iiif’dit  inal 
organic'  compounds,  introdut'ed  hy  lUtrlicIi  and  otluas  Im  vaiiomt  laiaxiliial 
cliseascxs,  arc  treated  of  in  Martin's  **  Industrial  (‘liemiHiix  :  (  hgaiiu  /' 

Lime,  quicklime  (C  a( )),  has  a  Stiong  g<*rmteidal  adion  whm  in  a  «!i  v  c  oniiiliuii, 
it  fad  which  ha.s  hecn  takc*n  advautage*  ttf  for  <‘entune%  in  the  pnu  !i«  e  of  hniying 
the  hodic*8  of  vietims  of  plague*  and  eholera  in  c|nic'kliim%  and  in  llir  prtiodual 
whitewashing  of  Imildings. 

Unfortunately  tla*  disinfeeting  power  of  lime  ii  md  scj  gieat  ax  wan  foumah 
Hupfio.sed. 

d’hus  it  reepureH  74  parts  of  (!aO  (in  the  form  of  iniik  of  lump  pei  nnllion  t  f 
water  to  destroy  typlioid  Ijadc'ria,  while  no  less  than  ^47  pailx  pet  million  am 
recpiired  for  destrt»ying  t'hoh*ra  laidcaia,  some  fmurs’  c'ontad  being  ii4|iiiird  m  ra«  h 
caa.se.  'Phe  “exc'ess  lime”  mculiod  of  stcalliniiig  drmking  watfu  ix  tefror*!  Im  4I 
length  in  Vol.  I.  of  thi.s  work  under  Water. 

'Fwo  pcT  <*ent.  of  dry  <|uic*kliine  and  noim*  Iioup/  cnintat  l  aie  frf|imrd  n>  arrilmr 
c:holera  disehargc's. 

It  has  Ih'i'U  pjstV«‘«l  dial  ’irdlilrOMl  mlrrlrd  PM4ir%,  uliuh  hav*-  P»  ru  l.nn.  .1  It,  hur^  .  -.uU  Of.tJii 
I  he  (lisaasc  %pt»U''»  u}i\ r  fni  ;t,  ImU|»  tiiur  :  iIh".**  iii.iy  aiyun  P«'>Miitr  4?iOr  .ual  t  411  »* 

Sodium  and  potassium  hydroxides  art  a>.  Mi-nh ..  t*.  ulu  n  m  ifi.- 

proportion  (if  ,5  5  prr  ri'iit.  Waiiu  sohitinn'.  (fio'  (‘.i  » ansr  llir  dr, ah  <>l  luu-.i 
<jr(;iiiiisrns  in  Ihrof  or  tour  niimitf;. 

Sodium  and  potassium  carbonates  air  aKn  mai?.(  jtii(  *.  uhrn  |.i<  ,  [i!  u, 
solution  to  till'  rxtcnl  ol  h  10  prr  ernt.  Thr  hut  •.ohition',  (50' Ou  f.)  1  .ui  .<•  iht- 
<leath  of  most  f'rrms  in  a  frw  mimitrs. 

Soaps  arc  .also  slightly  antisrptir  (sru  Martin’s  "  Imlusirial  ehi  im  ar,  , 
CJrganir,”  under  Soap). 
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Salt,  or  strong  brine,  acts  as  an  antiseptic — that  is,  prevents  injurious  bacteria 
from  developing,  and  hence  the  ancient  practice  of  salting  beef,  etc.  Wounds  are 
now  treated  with  brine  to  prevent  the  development  therein  of  dangerous  organisms. 
Salt,  however,  is  not  a  disinfectant — that  is,  it  does  not  actually  destroy  disease 
germs.  Thus  it  has  been  shown  that  a  50  per  cent,  salt  solution  does  not  kill  the 
spores  of  ordinary  moulds. 

The  common  practice  of  washing  out  milk  utensils,  cans,  etc.,  with  brine  has,  therefore,  little 
value  from  the  disinfecting  point  of  view. 

Copper  and  Copper  Salts 

Copper  salts  are  all  powerful  germicides,  the  efficiency  of  the  soluble  copper 
salts  depending  upon  their  percentage  of  copper.  Copper  sulphate^  being  the 
cheapest,  is  the  most  usual  one  employed  of  the  copper  salts.  It  has  a  Rideal- 
Walker  coefficient  of  2.0  (calculated  as  CUSO4).  The  main  use  of  copper  sulphate 
occurs  in  agriculture  for  killing  parasites  infesting  vegetation.  The  best  known 
preparation  is  called  Bordeaux  mixture,  and  as  the  matter  is  fully  discussed  in 
the  section  on  Insecticides,  Fungicides,  and  Sheep-Dips,  we  refer  the 
reader  thereto  for  further  information. 

It  has  been  proved  that  the  disinfection  of  excreta,  etc.,  with  such  large  quantities  as  5-10  per 
cent,  copper  sulphate  is  not  satisfactory.  According  to  American  authorities  [see  Bull.  U.S. 
Dept,  of  Agric.,  No.  100,  1906;  see  also  U.S.  Geological  Survey,  Water  Supply  Paper,  229, 

р.  32  (1909)],  disinfection  by  means  of  copper  sulphate  is  not  so  efficient  as  that  caused  by  chlorine 
compounds,  and  is  very  much  more  expensive.  However,  a  soluble  disinfectant  for  stables  and 
drains,  consisting  of  about  75  per  cent,  of  copper  sulphate  and  sulpho-carbolate,  and  containing 
some  free  sulphur  dioxide,  has  been  sold  under  the  name  of  “  microsol.” 

Cuprous  chloride  (CU2CI2)  is  considerably  more  germicidal  in  its  action 
than  copper  sulphate.  Thus  Kroncke  completely  sterilised  Elbe  water  (containing 
50,000  organisms  per  c.c.)  by  treating  with  50  parts  per  million  of  cuprous  chloride, 
adding  20  parts  of  ferrous  sulphate,  standing  for  six  hours,  and  then  precipitating 
all  metal  by  mixing  with  10  parts  lime.  On  filtering  through  sand  the  water  was 
perfectly  colourless  and  sterile. 

Metallic  copper  appears  to  possess  sterilisation  properties.  Thus  the  U.S. 
Department  of  Agriculture  (1904)  states  that  i  sq.  cm.  of  bright  copper  per  100 

с. c.  of  water  destroys  uroglena,  some  forms  of  spirogyra, 

Kraemer,  Rideal  and  Baines  i^/oHrn,  San,  Inst.,  1904,  p.  594),  and  B.  Smith 
{Journ.  Frev.  Med.^  July  1904)  have  extended  these  observations,  and  confirmed 
them.  Thus  it  was  proved  that  by  immersing  strips  of  copper  of  2  sq.  cm.  to  each 
TOO  c.c.  water  (/.^.,  3-|-  sq.  in.  to  each  quart)  typhoid  and  colon  bacilli  were  destroyed 
in  four  to  twenty-four  hours  (the  length  of  time  given  by  the  different  authorities 
varies  greatly),  and  that  with  water  containing  over  1,000  ordinary  organisms  per 
c.c.,  only  eight  organisms  per  c.c.  were  left  after  twenty-four  hours. 

The  germicidal  effect  of  copper  on  many  algae  and  bacteria  is  believed  to  be  due  to  the  passing 
of  the  copper  into  colloidal  solution. 

Mercury  and  Mercury  Salts 

Mercury  salts  are  nearly  all  possessed  of  a  high  germicidal  power. 

According  to  Kronig  and  Paul  (1897)  the  germicidal  power  depends  almost 
solely  upon  the  metallic  ion,  and  is  proportional  to  its  degree  of  ionisation. 

Thus,  on  comparing  equivalent  solutions  of  mercuric  chloride,  bromide,  and  cyanide,  he  found 
that  the  first  is  more  germicidal  than  the  second,  and  the  second  than  the  third,  and  that  this  order 
corresponds  with  the  degree  of  ionisation  of  these  substances,  the  cyanide  being  almost  non-ionised. 

Again  he  showed  that  on  comparing  solution  of  mercuric  chloride  in  water  of  different  strengths, 
a  solution  of  one  part  HgCb :  1,000  water  is  more  than  twice  as  active  as  one  part  HgCl2  •  500  water, 
this  enhanced  activity  corresponding  to  the  increased  dissociation  of  the  mercury  salt  in  the  diluter 
solution. 


DISINFECTANTS  AND  ANTISEPTICS 
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Mercuric  chloride  (HgCl^),  long  known  as  ‘‘  corrosive  sublimate/’  is  one  of  the 
most  powerful  of  disinfectants  known,  and  formerly  a  o.i  per  cent,  solution  was 
taken  as  the  standard  of  comparison  of  other  disinfectants.  The  Rideal-Walker 
coefficient  is  400-4,000. 

The  solution  recommended  for  disinfecting  purposes  by  the  Local  Govern¬ 
ment  Board  consists  of  mercuric  chloride,  ^  oz. ;  hydrochloric  acid,  i  fluid  oz. ; 
aniline  blue,  5  grains  ;  water,  3  galls. 

The  aniline  blue  is  added  for  colouring  the  liquor,  so  as  to  prevent  it  getting  into  potable  waters, 
etc. ,  by  accident. 

Mercuric  chloride  is  largely  used  in  museums  and  similar  institutions  for  pre¬ 
serving  stuffed  animals  and  specimens.  Mercuric  chloride  has  never  come  into 
extended  use  as  a  general  disinfectant  for  the  following  reasons  : — 

(i)  The  substance  is  very  expensive  ;  (2)  it  is  extremely  poisonous  to  higher  animals  and  plants, 
and  hence  is  dangerous  to  use ;  (3)  it  is  an  irritant  to  wounds  ;  (4)  it  is  often  destroyed  chemically, 
the  mercury  being  precipitated  in  the  form  of  insoluble  salts,  by  alkalis,  by  many  salts,  hard  water, 
sulphides,  and  organic  bodies ;  so  that  the  substance  is  liable  to  be  removed  from  solution  before 
it  has  done  its  germicidal  work — time  being  an  important  factor  in  this. 

In  particular,  the  substance  combines  with  albuminous  matter,  forming  an  insoluble  coagulum. 
Consequently  it  may  form  a  pellicle  over  organisms  without  killing  them,  and  cannot  be  used  for 
disinfecting  excreta  and  sputum,  owing  to  its  penetration  being  stopped  by  the  protective  albuminoid 
coagulations.  The  soluble  albumen  contained  in  blood  serum  precipitates  mercuric  chloride,  and 
so  reduces  its  efficiency. 

The  addition  of  ammonium  or  sodium  chloride  somewhat  increases  the  stability 
of  HgCU  solutions,  but  considerably  diminishes  its  germicidal  activity,  no  doubt, 
by  lessening  the  ionic  dissociation  of  this  substance. 

Mercuric  bromide  (HgBro)  is  less  germicidal  than  mercuric  chloride,  and  so 
is  seldom  employed. 

Mercuric  iodide  (Hglo)  is  a  powerful  germicide,  and  finds  some  use  under 
the  name  of  iodic  hydrarg*,”  which  consists  of  a  solution  of  mercuric  iodide  in 
potassium  iodide. 

Mercuric  iodide  is  less  irritant  to  wounds  than  mercuric  chloride,  and  does  not  coagulate 
albumen  in  the  same  manner.  Hence  it  has  been  incorporated  into  several  antiseptic  ointments 
and  soaps. 

Mercuric  cyanide  (Hg(CN)o)  is  no  less  than  four  times  less  germicidal  than 
mercuric  chloride,  and  so  is  seldom  employed.  Mercury  oxycyanide,  however, 
finds  considerable  application  in  surgery  since,  unlike  mercuric  chloride,  it  only 
slightly  precipitates  albumen.  A  solution  of  i  :  1,500  forms  a  faintly  alkaline 
antiseptic  non-irritant  solution,  suitable  for  disinfecting  surgical  instruments. 

Mercuric-zinc  cyanide  has  been  widely  used  for  disinfecting  surgical 
instruments  under  the  name  of  “  Lister’s  Antiseptic.” 

Mercuric  ethylene  diamine  sulphate  has  been  used  as  a  hand-disinfectant 
under  the  name  “  sublamen.”  It  does  not  coagulate  albuminoid  matter,  is 
less  irritant  than  mercuric  chloride.  It  is  readily  soluble  in  water. 

Sodium  hydroxy  mercury  benzoate  has  been  suggested  as  a  powerful 
disinfectant. 

Mercury  salicylate  is  also  a  disinfectant. 

‘‘Protectyl”  consists  of  a  solution  containing  0.2  per  cent.  Hg,  i  per  cent,  salicylic  acid, 

3  per  cent,  gelatine,  and  95.8  per  cent,  water. 

Metallic  mercury  has  a  powerful  germicidal  value,  and  is  much  used  in  a 
finely  divided  form  for  certain  parasitic  diseases,  such  as  syphilis.  Many  well- 
known  ointments  contain  metallic  mercury. 
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Silver  Salts 

Silver  Nitrate  is  a  very  powerful  germicide,  possessing  a  Rideal-Walker 
coefficient  of  1 6.  A  o.  i  per  cent,  solution  will  kill  B.  coli  and  5.  py,  aureus  in 
twenty-four  hours.  0.5-2  per  cent,  solution  kills  the  same  germs  in  two  to  five 
minutes. 

Although  silver  nitrate  enjoys  considerable  vogue  in  surgical  practice  for  painting  and  spraying 
skin  surfaces  infected  with  various  parasitical  diseases,  yet  it  has  never  come  into  extended  use  as 
a  disinfectant  because  :  — 

(i)  It  is  very  expensive;  (2)  it  combines  with  albumen,  and  is  precipitated  by  many  salts, 
including  chlorides.  Rideal  proved  that  a  very  small  amount  of  chloride  added  to  a  o.  i  per  cent, 
solution  entirely  upset  its  disinfecting  powers. 

Silver  fluoride  is  a  powerful  non-toxic  and  easily  soluble  germicide  much 
used  in  0.1-0.02  per  cent,  solutions  as  an  antiseptic  in  diseases  of  the  urinary 
organs.  It  has  been  sold  under  the  name  “Tachiol.’’ 

Organic  Silver  Salts. — A  great  number  of  these  have  been  placed  on  the 
market  as  disinfectants.  The  great  advantage  of  employing  organic  silver  salts  is 
that  they  do  not,  as  a  rule,  coagulate  albumen,  as  their  silver  is  not  completely 
precipitated  by  chlorides,  and  they  are  less  irritant  than  silver  nitrate. 

Silver  citrate  is  used  as  an  antiseptic  dust  for  wounds  under  the  name  “  Itrol.” 

Silver  lactate  is  used  as  an  antiseptic  injection  under  the  name  “  Actol.” 

Ethylenediamine-silver-phosphate  has  been  used  for  a  similar  purpose  under  the  name 
“  Argentamine.” 

Compounds  of  silver  with  albumen,  casein,  wheat  gluten,  etc.,  have  been  put  on  the  market 
under  the  names  “largin,”  “argonine,”  “agyrol,”  “protargol,”  and  some  of  these  have  a 
considerable  germicidal  value. 

For  particulars  see  the  Joitrn.  Chein.  Soc.  Ind.,  1903,  p.  315;  the  Lancet^  1907,  Vol.  I., 
p.  675.  They  have  been  used  especially  for  destroying  ophthalmic  disease  organisms,  and  in 
diseases  of  the  urinary  organs. 


Zinc  Salts  and  Zinc 

Zinc  chloride  (ZnCl2)  has  a  feebly  disinfecting  power  (Rideal-Walker  coefficient 
0.15),  and  was  at  one  time  widely  used  under  the  name  of  “Burnett’s  Fluid.”  It  is 
now  little  used.  Zinc  chloride  has  also  been  used  for  injecting  into  timber  for 
the  purpose  of  preserving  it. 

Zinc  sulphate  (ZnSOJ  has  also  some  germicidal  action  (Rideal-Walker 
coefficient  0.09),  but  is  now  little  used. 

Metallic  zinc  is  said  to  possess  a  very  considerable  germicidal  action.  Thus 
agitation  of  water  wuth  granulated  zinc  is  stated  to  destroy  B.  coll  and  B. 
typhosus  in  a  few  hours.  Margosches  sterilised  water  by  agitating  it  with  zinc  dust, 
lime,  and  charcoal. 

The  presence  of  air  or  oxygen  seems  necessary. 

Aluminium  Salts  and  Aluminium 

Aluminium  chloride  (AICI3)  has  a  feeble  disinfecting  action,  less  than  that 
exerted  by  copper  sulphate  and  greater  than  that  of  zinc  chloride. 

Metallic  aluminium  seems  to  have  a  considerable  sterilising  effect  on 
water.  On  running  water  down  aluminium  gutters  the  number  of  bacteria 
considerably  decreases.  The  subject  is  discussed  in  Vol.  I.  of  this  work  under 

Water. 

Iron  salts,  especially  ferrous  sulphate,  have  been  applied  for  disinfecting 
purposes,  but  according  to  Rideal  they  are  ineffective.  Metallic  iron,  however, 
appears  to  possess  some  germicidal  value.  A  process  for  purifying  water  has  been 
founded  on  this  fact  (see/ourn.  Soc.  Arts,  T4th  Feb.  1896). 
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SIIItF.P-DIPS 

Bv  (’iKOKFRF.V  MaR'IIN,  iPSf. 

Eni‘:R/vruR  e 

“  \.‘nL  VI.  \Va%luu|»t«»iu 

('OPBKR  COMPOUNDS 

Bordeaux  Mixtures.--  one  of  the  mnst  vaUiaUle  fangUidrsftii 
is  Bordeaux  mixture,  t'onsisting  of  copper  sulphate!  and  slakcti  lime. 

Formula  I.  «»(!opper  sulphalr,  e>  11h,  ;  Utiu%  4  Ih'n  ;  wjUrr.  fpUl*'*. 

Formula  IL— Copper  Milphute,  5  lbs.  ;  linu%  5  ll»%.  ;  w.urt,  50  cHlbi, 

Peach  Bordeaux  Mixture,  (‘oppor  sulphate,  j  Ihs.  ;  htue/o  llr».  ;  wain, 

Soda  Bordeaux  Mixture,  (‘upper  sulplmtr,  0  lbs,  ;  rausiif  suiU,  ^  lbs,  ;  tt4irf,  S|i»  |*albi 
Potash  Bordeaux  Mixture.  (‘<»ppt‘i  railphate,  f»lbs.  *,  puiasb,  .»  lbs.  ;  uain, 

Soap  Bordeaux  (iucrc'ases  spreatliug  puwer).  nuhtsiuy  haitt  sui*p  f»  drAuhrd  in  auA 

added  at  the  rate  uf  4  lbs.  t«i  the  Uirrel  <4  siihtttoii. 

Manufacture.  In  order  to  make  small  c|uantities,  two  half  tiimels  uie  niatle 
by  sawing  a  barnd  through  the  midtik*.  In  one  half  hanrl  is  plinaal  ihri«i|t|if'i 
sulphate!  atid  25  galls,  of  water.  In  the  other  is  the  Htiu*  and  also  ^5  Malls,  i»f 
water,  d'ht!  contents  are  stirred  until  as  mmdi  has  tlissolved  a»4  possihir, 

The  two  half  Barrel  tubs  are  placed  on  a  platform,  and  By  means  of  tmse  m 
spigoks  the  two  solntions  are  allowed  to  flow  together  into  a  Barrel  placet!  firlow, 

I'he  Bordeaux  mixture  is  then  strained  tlircmgh  a  brass  ware  utraiiicr  of  righbam 
to  twenty  meshes  to  the  inch. 

In  papiriug  Btadoiux  misture^for  huge  upmliunM  a  50ga.ll.  IwrrI  i*i  ihrrr  lilird  wiiH 

water.  Then  a  sack  m  a  !k>x  with  i»erforaiiuns  euvered  with  witr  runuuniiig  50  i4 

cupper  .<iulphatc  is  suspeiuletl  in  the  upper  part  cif  the  barreh  and  rituugh  wain  o  addrd  e*»  fill 
the  barrel.  In  twenty  dour  to  thirty  nix  hnurH,  Huliniim  B  eumpirir  and  the  «ti  I  u*  bu\  i%  lilird 
nut,  and  the  Ihpiid  is  stirred.  ^  The  copper  sulphate  sohuion  niu%t  be  '4ofed  in  loppr*  n  r,iiihm 
ware  vesstds.  Iron  or  tirmed  ircui  vessels  are  coriotlrd. 

The  stock  soluthin  of  Imiv  [t  Ih.  liinc  to  raeli  gallon  of  watnj  is  prr|atrd  in  ihr  '.ainr 
Then  mcasurtsl  quantitios  of  eaelt  solution  ;ur  lun  sininltanroieily  mi*.  4  ihnd  nii^ing  Ciiii 
placed  helow'. 

SULFirUK  FUNCHC'IDKS 

Sulphur,  espudally  in  the  form  of  a  powder,  “  [lowers  "  «if  anlphnr,  is  used  as 
a  fungicadc,  esiaa-ially  as  a  remedy  for  mildew.  “  Fkmr  ”  of  sulphur  is  not  so  (im  lv 
divided  as  “  flowers,"  ami  so  is  not  so  good.  The  healing  pipes  of  gieenhmisrs 
are  often  paintetl  with  a  paste  of  flour  of  sulphur  and  water. 

Sulphur  and  Resin  Solution.  Sulphur  (tlowens  or  flour),  i6  Ihs,  ;  resm 
(finely  jwwdered),  A  lb. ;  canstie  soda  (finely  iK,wdere<i),  lo  lbs. ;  water,  6  galls. 

Mix  the  sulphur  and  resin,  place  in  a  barrel,  aiul  make  into  a  tltit  k  {taste  by 
adding  3  quarts  of  water.  Now  stir  in  the  eaustic  soda.  The  m.t  alna  a  P  w 

VOI,.  II.— 3 
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minutes,  begins  to  boil  vigorously,  turning  a  reddish  brown.  It  should  be 
thoroughly  stirred,  and  after  boiling  has  ceased  2  galls,  of  water  are  added,  the 
liquid  is  poured  off  into  another  vessel,  and  sufficient  water  to  make  6  galls,  is 
added. 

This  solution  is  used  (1:50  galls,  of  water)  for  spraying  plants  and  soaking  seeds. 

Potassium  Sulphide  Fungicide. — Dissolve  i  oz.  of  potassium  sulphide 
(liver  of  sulphur)  in  3  galls,  of  water  and  use  immediately.  Mixture  deteriorates 
rapidly  on  standing. 

Corrosive  Sublimate  (mercuric  chloride,  HgCb)  is  used  (i  part  in  1,000 
of  water)  to  disinfect  knives,  etc.,  used  in  cutting  out  pear-blight,  etc. 

Lime-Sulphur  Washes. — The  mixture  may  contain  8  lbs.  of  sulphur 
(flowers,  flour,  or  ground),  8  lbs.  of  fresh  stone  lime,  and  50  galls,  of  water. 

Preparation. — The  lime  is  placed  in  a  barrel  and  enough  water  (6  galls.)  is 
poured  on  to  almost  cover  it.  As  soon  as  the  lime  begins  to  slake,  run  in  the 
sieved  sulphur  powder,  stir  continually,  and  add  3-4  galls,  more  water  so  as  to 
form  first  a  thick  and  then  a  thin  paste.  The  heat  evolved  by  the  slaking  lime 
should  heat  the  water  almost  to  boiling  for  several  minutes. 

Finally  water  is  added  to  cool  the  hot  liquid,  and  it  is  run  through  a  strainer 
into  a  tank,  diluted,  and  applied. 

The  time  at  which  cold  water  should  be  added  to  cool  the  hot  liquid  depends  upon  the  nature  of 
the  lime  used.  A  poor  lime  often  evolves  so  little  heat  on  slaking,  that  a  properly  hot  solution 
does  not  result.  Other  limes  evolve  much  heat.  The  liquid  must  not  be  allowed  to  remain  hot 
for  long  (say  fifteen  to  twenty  minutes  after  slaking)  otherwise  the  lime  goes  into  solution  and 
forms  soluble  calcium  sulphides  which  are  injurious  to  foliage.  Hence  with  a  hot  lime  the  mixture 
must  be  cooled  rapidly  by  adding  cold  water  as  soon  as  the  slaking  of  the  lime  is  complete.  A 
uniform  mixture  of  finely  divided  lime  and  sulphur  results,  in  which  but  little  sulphur  is  in  true 
solution.  The  liquid  is  strained  from  lumps  of  lime. 

Formaldehyde  (see  Martinis  “Industrial  Chemistry:  Organic”),  either  in 
solution  (i  lb.  formalin  to  50  galls,  of  water)  or  gasified,  is  often  used  for  treating 
seeds,  wheat,  or  oats. 

Formalin  if  used  in  too  strong  a  solution,  or  if  the  grain  is  soaked  too  long,  may  destroy  the 
germinating  power  of  grain. 


SHEEP-DIPS 

The  sheep-dips  most  commonly  used  contain  sulphur,  arsenic,  carbolic  acid, 
and  (in  America)  sulphur. 

The  dips  containing  sulphur  are  the  best,  the  sulphur  being  retained  in  the  wool  (being  non¬ 
volatile  and  non-soluble)  for  a  longer  period  of  time  than  the  scab  parasites  remain  alive  away  from 
their  hosts. 

Lime  and  Sulphur  Dips. — The  following  are  various  lime  and  sulphur  dips 
which  have  been  used  in  various  parts  of  the  world  : — 

(1)  Victorian  Lime  and  Sulphur  Dip  (adopted  officially  in  Australia) : — 

Flowers  of  sulphur  -  -  -  -  20  lbs. 

Fresh  slaked  lime  -  -  -  -  10  lbs. 

Water  -  -  -  -  -  -  100  galls. 

(2)  South  African  (Cape  Town)  Official  Lime  and  Sulphur  Dip  : — 

Flowers  of  sulphur  (minimum)  -  -  15  lbs. 

Unslaked  lime  -  -  -  -  -  15  lbs. 

Water  ------  100  galls. 

(3)  South  African  (Cape  Town)  Official  Lime  and  Sulphur  Dip,  of  4th  Feb.  1897  :™ 

Flowers  of  sulphur  -  -  -  -  20  lbs. 

Unslaked  lime  -  -  -  -  -  16  lbs. 

Water  ------  100  galls. 


INSECTICIDES,  FrNGfC/DES,  AND 

sf/EEr-Dirs 

H) 

(4)  Nevada  Lime  and  Sulphur  Dip  :» 

Flowers  uf  sulpiuir  »  .  .  ~ 

1(>  lbs. 

Lime  ...... 

.1.1  lbs. 

Water 

liH »  |*.dl’.. 

(5)  Fort  Collins  Lime  and  Sulphur  Dip  ; 

Flowers  of  sulphur  »  .  .  . 

.hi  lb'*. 

Unslaked  lime  -  -  .  .. 

It  lbs. 

Whiter  ...... 

UM »  |».i!l .. 

(6)  The  ftillowing  mixlurt*  lias  been  widelv  used  with  satisfaelion : 

f'lowers  of  sulphur  .  .  .  „ 

2,t  lbs. 

Unslakcfl  lime  .  »  -  - 

8  lbs. 

Water 

UHi  I’alls. 

Fresh  scab  is  cffu'ieiUly  treated  by  No.  6.  In  (‘ascs  ot  vt*ry  hard  si*ab  a 
stronger  dip,  such  as  No.  5,  is  ustnl.  In  unusually  scvcr<‘  cas<*s  ntic  No.  i,  Nu.  3, 
or  No.  4. 

It  i.s  to  use  n»<  nc  than  Ihs.  <>l  lituc  t<>  fiM>|»a]}s.  <il  ualn^.uul  t6  H**..  i .  a-,  mtu  h 

us  should  lx*  used  without  evjx'it  a<ivie«*. 

Preparation  of  Lime  and  Sulphur  Dips.  1 1  lbs.  oi  utrdakrd  limr  an* 
pla('(‘(l  in  a  pail  and  t*nnugh  watt*r  is  addtal  io  slake  thr  Huh*  atul  fomi  a  tliak 
paste.  One  pint  td*  water  will  slake  3  lbs.  of  liint*.  Sift  snlo  tin*  linH*  paste  thief* 
tiuu'S  as  nuu'h  ilowers  of  sulphur  as  was  ust*(i  of  lime,  and  stii  inixtuie.  Next  plate* 
tiu*  sulphur  linit*  paste*  in  a  kettle  or  boiler  with  25  galls,  td  bcdlinit  watei, 
boil  inixtuix*  for  two  to  tlirtu*  hours,  stirring  <*ontinuonsly^  and  rt'platdnf,  evapotaleti 
watt'r. 

dlu*  sulphur  should  disappear  from  the  surfarf*  and  a  stdtilion  nt  atluaulale 
brown  etdour  should  result 

Now  pour  into  a  settling  tank  or  bariel  and  allow  ta  sefth*  ban  htuus. 

d'lu‘  barrt‘1  or  tank  ^dlould  have  a  spigot  inst*itt*d  j  in.  fit  an  the  b«aftaia  so  as 
to  run  tin*  li([uid  out  without  disturbing  tlie  setlimt‘nt. 

When  fully  settlerl  run  tlu?  clear  Htjuid  <rff  through  a  fillt*r  made  cd  orrlinatv 
saeking  into  the  (lipping  vat  for  shec‘p,  and  add  eiuaigh  wann  water  make  itm 
galls,  d'he  S(‘diuu*nt  left  in  tla*  barrel  and  fiU(‘r  saek  must  UOt  be  Used  for 
dipping  cattle.  It  may,  la»wt*ver,  be  nrixed  with  water  am!  used  ;e»  a  thsintei  lanl. 

Use  of  Lime  and  Sulphur  Dips.  When  properly  made  and  used,  these* 
(lips  art*  thtr  nrosl  (‘fficierrt  known  as  h*(*ab  deslroyt*rs. 

The  w«x»l  is  always  iujured  tf)  a  slight  I’xtftrt  l>y  thr*  mv  uf  surh  digs,  hui  witrn  iis«s|  y|witi  slynti 
.slircp  thf  injury  is  ncgligihlc*.  On  lung  \\uul,  Iruwnvta,  the  injury  is  gteater,  Irriitg  mu-4  jutuiMiim  i-a 
un  fine  w<hjI  and  less  m»  un  (‘uarse  wuul.  Tlie  injury  eun'dsK  in  a  ehanf*«*  tn  the  !ni«nr.«M|ni 
strneture  of  tire  filue,  caused  hy  the  caustic  ai*ti«in  uf  the  Hrjutu.  hn|»iu|irrlv  made  .iml  used 
lime  and  sulpitur  dips  are,  huwevri,  f»uth  injttriuus  and  dangeruns. 


Tobacco  and  Sulphur  Dips 

Uk*  proper  preparation  (d' a  linu*  arrd  sulphur  dip  rerptites  :it  h*.ea  two  hunts’ 
boiling  f)f  the  mixture.  In  certain  distriets  (d'  America  and  Attsliaha,  howf’xet, 
when*  fuel  is  scarce  and  facilitit*s  fur  Ixriling  are  not  at  hand,  the*  m.e  of  a  tobacco 
(or  nicotine)  and  sulphur  dip  is  gtowitig,  sinre  tlnme  (-ati  be  tnatfe  wnhont 
lengthy  boiling. 

The  aclvaiUage  of  thest*  dips  is  that  two  oi  the  best  sa'ali  remedies,  namely, 
lobae(*o  (nH*otinc)  and  sulphur,  are  used  togetltt*r,  both  of  winch  kill  the  paiasilr**, 
while  tIu*  sulphur  retnains  in  tltc  wool,  and  prtrtects  f(»r  s«mie  lime  agaima  le 
infection. 

Nicotine  (see  Martin’s  **Indu\lb:i|  (’hend%(ry;  <  hgatde  ”h  ;nr  ulkrihad  runiainrd  in  tulurru. 
is  the  t>uisummH  active  principle  uf  the  luhurcu.  This  ptu^un  whf*ii  apphrd  rxirm.dU  lu 
may  ruuse  nsius<?n,  faittltng,  and  even  death. 

A  sulutiun  cuntaining  frum  jo  6rj  pare,  uf  nieutine  in  paiiHtif  watri  m.tlr'.  a  *.1.,^  hm 

.sure  acting  sherpatip.  The  {M*reentage  uf  nhaainr,  hewever,  varies  ipeafly  in  differeiii  vaorinii  i,| 
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tobacco,  and  in  the  different  parts  of  the  tobacco  plant.  There  is  more  nicotine  in  the  leaves  than 
in  the  steni.  Hence  it  is  usual  to  use  an  extract  of  tobacco,  or  a  nicotine  solution,  on  account  of 
the  ease  'with  which  these  extracts  dissolve  in  water. 

Manufacture. — An  efficient  tobacco  dip  should  contain  at  least  0.0007  per 
cent,  of  nicotine.  Sufficient  nicotine  would  therefore  be  obtained  for  100  galls. 
(800  lbs.)  of  dip  by  using  i  lb.  of  a  40  per  cent,  solution  of  nicotine.  Hence  the 
formula  for  an  efficient  dip  would  be  : — 

Nicotine  -  -  -  -  ‘  0.56  lb. 

Water  -  -  -  -  100  galls. 

The  nicotine  solution  or  tobacco  extract  should  not  be  added  to  the  dip  until 
just  before  it  is  ready  for  use.  The  dip  should  be  thoroughly  stirred. 

The  dip  should  never  be  heated  above  no”  F.  (44'"  C.)  after  the  nicotine  has 
been  added,  as  the  nicotine  can  volatilise  and  weakens  the  dip. 

In  order  to  calculate  the  amount  of  nicotine  solution  or  tobacco  extract  to  be  used  per  100  galls, 
of  water,  divide  the  amount  of  nicotine  required  in  100  galls,  of  the  dip  by  the  proportion  of  nicotine 
in  the  extract. 

For  example,  a  25  per  cent,  solution  of  nicotine  is  used  to  make  a  dip  containing  0.56  lb.  of 
nicotine  to  roo  galls,  of  water.  Hence  we  have — 0.56-0.25  =  2.24  lbs.  of  nicotine  extract  to  be 
used  per  100  galls,  of  dip.  If  a  tobacco  extract  is  used,  having,  e.g.^  2.40  per  cent,  of  nicotine,  we 
have — 0.564-0.024  =  24.33  lbs.  of  tobacco  extract  per  100  galls,  of  dip. 

Preparation  of  Tobacco  Extracts  for  Dips.— For  100  galls,  of  dip  use 
2 1  lbs.  of  good  leaves.  Soak  in  water  for  twenty-four  hours,  then  raise  water  to 
boiling  for  a  moment,  allow  infusion  to  stand  one  hour  (or  allow  to  stand  over¬ 
night),  strain  liquid  (best  under  pressure)  from  leaves  and  dilute  to  100  galls,  per 
21  lbs.  of  tobacco  used. 

The  advantages  of  the  tobacco  dip  are — (i)  Cheapness,  since  the  farmer  can  grow  his  own 
tobacco;  (2)  efficient  and  non-injurious  to  wool.  The  disadvantages  are— (i)  The  persons 
using  it  are  often  made  ill ;  (2)  it  spoils  very  rapidly  ;  (3)  it  sometimes  injures  the  sheep  (“  causes 
a  set-back  *'). 

ARSENICAL  DIPS 

Formulas: — (i)  3  lbs.  each  of  arsenic  oxide,  soda  ash,  soft  soap,  and  sulphur 
(a  pint  or  two  of  naphtha  is  sometimes  added)  is  dissolved  in  10-20  galls,  of 
boiling  water,  and  cold  water  is  added  to  make  120  galls.  Keep  head  of  sheep  out 
of  bath. 

2  Commercial  pure  sodium  arsenite  -  -  -  -  14  lbs. 

Ground  roll  sulphur  -  -  -  -  -  34.5  lbs. 

Water  -  -  -  -  -  -  -  432  galls. 

The  arsenite  of  soda  is  mixed  with  the  sulphur  before  adding  the  water. 

The  disadvantages  of  arsenic  dips  are  : — (i)  Danger  as  a  deadly  poison  ;  (2)  drying  effect  on 
wool ;  (3)  weakens  the  fibre  of  wool  in  one  particular  spot  near  the  skin  ;  (4)  does  not  tend  to 
increase  the  growth  of  the  wool ;  (5)  sometimes  injures  the  sheep.  The  advantages  are  its 
excellent  scab- curing  qualities. 

CARBOLIC  DIPS 

These  dips  act  very  quickly  in  killing  mites  (quicker  than  tobacco  or  sulphur 
dips),  but  unfortunately  the  wash  soon  leaves  the  sheep,  which  is,  consequently,  not 
protected  from  reinfection  in  the  pastures.  Hence  it  is  advisable  to  add  1  lb.  of 
flowers  of  sulphur  to  every  6  galls,  of  dip  as  a  protection  against  reinfection. 
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BLtJCHKR.  Modern  Indtistrial  (’lunnistry”  (Tianslation!,  loH, 

In  gentiral,  plaiU.s  ohlaitt  tlicir  t'arlton  (as  rarhon  tlitjxidr)  frtuji  tin*  atr,  waha 
from  rain,  and  nitrogen  (as  ammonia  or  tamihinrd  tntiir  arid)  fiom  thr  w»jl 
Certain  plants  legumes)  are  ahU?  to  assimilate  fret!  niiiogtm  ftom  the  air. 

In  addition  to  these  three  t^liief  .suhstanees  taluT  nutrimetits  ate  rt‘f|uiied,  nut  h 
as  arc  found  in  the  ash  of  most  plants,  1*1  a^y  are 

Potash,  K./).  (Honudimes  soda,  Niui>,} 

.  Lime,  CaO.  Magnesia,  MgO. 

Iroti  oxide,  Fe./V  Siliea,  SiC 

Sulphuric  acid,  Phosphorie  arid,  II^PC)^, 

Hydrochloric  acid,  HCl. 

Most  of  the.se  are  present  in  sufficient  <|uantilies  in  virgin  stiil,  Inu  their  stork 
can  very  easily  be  used  up,  especially  if  the  soil  is  pot>r,  and  oftert  at  a  greater  rale 
than  that  at  which  it  is  replenished  ;  consec|uently  manures  have  to  la*  put  on  the* 
land  in  order  to  replace,  in  the  soil,  the  cronstituents  removed!  hy  the*  plants. 

In  all  manures  the  activet  constituents  should  be  easily  assimilable  liy  the' 
plants.  In  other  words,  the  manure  .should  dec'ompewe*  fairly  rapielly,  anti  also  ilic 
chief  constituents  .should  he  .seduhle  in  water  or  ve^ry  dilute*  ae^iel. 

1.  PHOSPIIATIC  MANURES 

Natural  Phosphates. --Isxtcnsi vet  dc*po.sits  of  natural  phosphates  orciir  in 
various  parts  of  the  world.  l*lu!  harticr  of  tliese  raw  pho.sphati*s,  evt*n  in  I  lie  finrsi 
milled  condition,  are  of  very  little  mamirial  valut*,  fa'cause  tliey  arc  only  very  sltnvly 
soluble  in  water,  and  henctt  plants  can  only  make  use  of  thc?m  very  slowly.  'Flir 
softer  minerals,  if  sufficiently  finely  ground,  have  an  appreciable  but  limited  value 
for  direct  application  to  the  soil. 

The  chief  dc|>ositH  are 

(L)  Coprolites.-  'Thin  was  the  first  deposit  to  Ik:  u«»ed  ii\  u  iniuitiie.  It  4icrur'4  in  the  fiitavar 
Strata  and  Suffolk  Crag,  particularly  in  Ciunhridge,  GkHirestrrhhire,  and  lirdfurfLtiirr.  and 
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of  the  cxcr<,‘nu‘n(  of  Saiuians  metanioiplntsed  to  tiiealeium  |>}n>s{>h.itr.  (  ti.a.iHy  I'tol.oii 

about  2 c;  per  tauiL  phosphoric  «>\ide  ami  about  42  pcu  c'ent.  liuicMt  aC  t).  iMiylt .!»  i  <  tpohiic  .. 

arc  no  longer  in  use. 

(ii.)  Sandy  Phosphates.  These  (U'posits  occur  in  lielifuun,  ami  in  I'latita*  «>n  tin*  SMtumr. 

(iii, )  African  Phosphates  are  deposits  hunul  in  the  north  o!  A(ii<‘a.  d'hr  beds  in  I  unis  {  Vljpuuin 
phosphate)  arc  extremely  important,  ami  contain  about  Jo  pet  rent.  Ibt  ami  4S  pei  cent.  lime. 

(iv.)  Deposits  in  Florida,  Tennessee,  and  South  Carolina.  I'he  comptisition  of  l-louda 
phosphate  is  on  the  average  35  per  cent.  IbO.,,  2.5  percent.  hV.,0,j  am!  Al..t  t;j,  imi!  4S  put  t'rnf.  t  at  h 

(v.)  Christmas  Island  Phosphates,  from  t'hrisuitas  Isluml,  south  td  Jaui,  whete  ibrir  n. 
estimated  a  bed  of  24  million  tt)ns,  consisting  of  a.  white  plu)sphatf%  very  easy  !•»  nail  it 
sufficiently  dry.  Its  avtmige  etunpo.silion  is  87  per  cent,  triealcium  phospliate,  u.  s  pet  vrnt,  iron 
oxide,  i  per  cent,  alumina,  and  (i  per  cent.  lime. 


Fiu.  2.«^-^A!»br  Ilitll  Mill 

i/'Sf  Afift*  be,,  AVic  ) 

^(vi.)  Pacific  Phosphate.  Tfiete  are  tw^o  extensive  deposits  of  ihhi  phosptiaie  wim  It  ate 
being  worked  to  a  very  large  exteui. 

Ocean  Phosphate  from  Ocean  Iskfid  flirilidd,  in  the  fdlbrit  Ormtp,  1'|ir.  m  4  U'li 
extensive  deptisit  td  minerjilLseil  guano,  the  exeiement  of  -^ra  idobn  wimh  has  4* » immliird  fi.i 
thousandyd yeaiN.  The  phosphate  is  light  to  dark  btown  in  vuhmt,  uudm-,  lu-ll,  .m4  i.  Um\\ 
rasily  assimilahle  liyjdants.  It  contains  about  K5  per  eml.  acid  « alt  mm  file*  pli.iie,  o  4  pn  irm 
iron  oxide  and  alumina,  and  5  pet  ecml,  eahdum  raibonair. 

(A|^  Deposit  at  Nauru  Island  (lleaHatu  Isfatai),  belonging  to  ihr  M.tisb.dl  b.laml.  Ibis 
deposit  is  exactly  similar  to  ocean  phosphate. 

(vii.)  Further  Deposit^  In  the  .SiiMch  of  Itlaho,  riah,  and  Wyoming  new  drpossi,  b,ur  bmi 
dihcovered.  'riiese  are  estimated  at  least  at  tixi  millitai  tons. 

(beat  deptoits  also  occur  at  Angam  Islam!  {Ikuhtul,  \%r^t  of  Caiolinr  Islamk.  wiirir 
2|j  million  tons  td  an  K<i  per  rent,  phosphate  are  taid  !»»  exist.  ’Phr  dcposiiy  41  the  Ishmd  <4 
Makatu  in  the  Tuamotu  archipelago,  have  md  yet  been  fully  invesiigalrd. 

The  pho.sphatc  in  all  these  cirpewits  exists  elnelly  an  triraieimii  phtisplialc,  and 
appears  to  Iiave  arisen  from  the  action  of  phosplioru*  arid  (of  orgaiiit*  urigifii  on 
calcium  carbonate.  Phosphate  in  tins  form  is  very  sligliily  scihibh*  in  water,' sri  ihni 
it  Ls  necessary  to  convert  it  itito  a  soluble  form,  .stieli  as  stiptn’iilawpliate,  befoir  ii 
is  of  much  use  a.s  a  manure.  The  first  step  is  to  (TUsh  the  mineral  pliosptbiir»  llifui 
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griiul  and  sc'paratc  the  fme  powder.  'This  process  of  milling  has  hemi  carried  on 
for  a  long  time  in  a  wrong  manner  by  using  mills  that  arc  not  suitable  for  the 
[)urp(  )se. 

Crushing,  -dlic  raw  material  should  be  first  ('rushed  so  as  to  reduce  the 
largtT  lumps  to  a  conviaiient  size  for  tlu*  grinding  mill. 

'Phis  is  in  special  machines,  such  as  tin*  Roll-Jaw  Rock  Crusher  or  the  Rotary  “Open 
Door’^  Fine  Crusher,  supplit'd  hy  the  SlurU^vant  Kngineeriiia  t 'o.  Ltd,,  of  London,  and  which  tlu' 
writei  ran  reconunc*nd.  Similar  machines  are  dcserihed  under  the  Calcareous  Cement  Industry, 
p.  <)j:,  to  whieh  tlu*  reader  is  lef  rred  for  a  ilescription. 


Fit;,  j,-»™Ahhf  Ball  Mill-— Spiral  Screen  (open). 

Cvt/'*V  /  f'e, ,  ,\t;w  IVfL) 


Grinding.  After  tlu*  phosphate  has  been  cTiished  it  is  transfern  d  to  a 
suitable  mill  for  grinding  or  disintegrating. 

The  ItfHt  mills  in  use  at  preirni  me  t ■■■'“■ 

fi|  Ball  Mills.  The  Altlic  Ikll  Mill,  mamtfaclitrctl  !»v  the  Ahhf  ^!n^dnec•^np,  <*o.,  Krw  Vujk 
(Hft*  1  and  .lb  consuls  of  a  loliiling  drum  like  cylinder  cnfil;ynii»p  sire!  lalh.,  and  coveted 

msicir  vvjlh  filed  strpdlke  plairs.  'Fhc  material  to  he  ipouml  nitef,  llir*  chan»l»ci  tht»ni|Ji  a  hide 
at  the  end  (seen  on  the  right,  Ide,  2), 

The  crushing  i'»  |H*i’fi»r’med  hy  the  halls  falling  from  one  fUep  on  to  die  iir\{.  ‘I'o  the  eiitl^  oi 
the  rhiimlier  is  hidteil  a  patent  spiral  discharge,  and  fa-reriimg  ••pii.ih  The  spiral  streen  Cimdsts 
t»f  a  mmd»er  of  roinsdnles  of  diminidiiiig  diainrtri  as  tliry  appearh  the  centre. 

The  crudird  material  |«ea»rs  iiitii  the  •a'terii  <<«  Its  largeHi  t*tin\iduie  (see  I’lfc  j),  ami  after 
sifting  over  the  wlnde  Irnpth  t»f  the  spiral,  die  rciiminiiig  failings  arr^  driivrird.  hy  mean»  of  a 
conveyer  al  die  friitrr,  lo  the  opposilr  end  of  dir  grimlifii^  ilutmhrr.  11ie  vartuus  r(»nvoliiteH  of 
die  HCieen  air  'anionnded  h)  a  disehatgr  spiral  wliicli  rims  the  fiill  lrn|»di  of  die  sciren  ?»pirah  and 
romeys  the  fimdiril  pfodiiii  to  dir  diseliarge  at  the  »  eiiirr  of  tlir  end  of  dir  mat  hme. 

|i|  Tube  Mills,  'riirsf*  are  r^sfUlsalH  mills  ftn  fine  ipindiiig.  A  typical  mill  eoieT.is  of  a 
lofi|t  IiiIh'  of  steel  plates  (up  lo  fi.  lung  awl  ti  ft.  tliamefeili  c».ijiaining  iyimiiihri  of  flint  or 

sleei  halls,  and  rmolvnl  t*y  smiahle  |»r*ir.  'Hie  mill  is  cupahle  of  twmg  used  for  either  wef  or  diy 
ipimlinih  »«d  this  h  rfinied  solely  hy  die  ilint  01  sled  halls  ritidiing  again  4  rarli  <4ltrr 
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and  the  side  of  the  tid)e.  'Fhe  Teed  is  phu't'd  at  one  eiid,  and  lh<'  otillet  at  the  othn.  hit'.  .■ 
shows  a  tube  mill  eapahh^  of  turninj.*  out  alunil  4  7  tons  of  veiy  tine  tinisluMi  poudoi  pei  Itnm, 
'rhemateri.il  ilelivtu'ed  to  the  mill  should  he  fadviaised  to  about  ^  :/  in.  euh<*,,  and  the  tina 
product  scp.irated,  the  coarse  particles  hein^;  returned  to  the  mill.  (  )ne  of  the  ppeat  ;uKanta|‘e.  o 


Fn;.  4.  Tithe  Mill. 

( /■  JjC*tr  A ih'H  i’’*  i  /*/. ,  ki'fiu  /»/. ) 

such  mills  is  llii'  simplicity  in  eoie.truetion  ;  no  sievi’s  are  nspiitetl,  and  hesar  thme  t.  freedom 
from  hreakdown. 

(3)  Ring‘“RoII  Mills.  Ily  far  the  best  mills  of  this  type  ate  tintse  patented  Ity  the  Sitiitruiiti 


Ftt;.  Riii|pI<ol!  Mill  (sertion), 
i  f  V.  Lid,,  Itmdrm,} 

KngincerinK  Co.  Tl.fM!  rast-nliHlIy  chimm  a  Umvy  anvil  rini*.  (  ..m  avr  .,t 

the  iiisulc  (Hce  l-ig.  5),  anti  rev..lve.l  by  a  liori,..mlal  uliaft.  Thier,  wi  callrtl.  Immuict  an 

Ijre.ssed  against  the  ring  with  enormous  force  by  .springHi  and  a  lever  arriiiigniirni  on  the 

eemvex,  and  work  free.  Thertwolving  ring  driven  all  three  mil*  by  mraiii  o|  m\ 
inch  layer  of  centrifugal ly  hekl  material  seen  at  E  (Fig.  Sb  ^ 
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and  st*[)arate  the  powder.  'This  process  of  milling  lias  been  ('arricd  on 
for  a  long  lime  in  a  wrong  inaniKa*  by  using  mills  that  arc  not  suitable  for  thtt 
purpose. 

Crushing;.  'Flu^  raw  material  should  bt;  first  ('rushed  so  as  to  reduce  tlu‘ 
larger  lumps  to  a  convaaiient  si/c  for  the  grinding  mill. 

'fhis  ‘l‘»iu‘  in  sj»ecial  macluiu's,  such  as  the  Roll  Jaw  Rock  Crusher  or  Iht*  Rotary  “Open 
Door”  Fine  Crusher,  supplied  hy  ilu*  Sturtevant  Kup.ineeriuj.^  ( 'o.  Ltd.,  of  London,  and  which  the 
writei  can  ie('nmnu*nd.  Sunilai  machines  are  dcsciihed  under  tlu*  Calcareous  Cement  Industry, 
p.  ().!,  to  whiclj  the  leader  lef  utnl  for  a  «Iesrription. 


I’'to,  Hall  Mill-  '--Spiral  Si'ieen  (upui). 

i.-|//y  /  iHg  (*»’  , 

Grinding.  *\fler  tlu*  phosphate  has  Inaai  erushod  it  it;  tratednird  to  a 
siiilalile  mill  for  grimliiig  or  dtsinlegniling 

I1ie  Ir*.!  wills  in  Wi-r  at  pirfiriil  arc  :  - 

III  Ball  Mills.  Thr  Ahhf  Hall  \!ilL  niiiim fn  Hard  Iw  ihr  \l»l»r  rni'tneei  mp,  t ‘m.,  Nrw  \'Hik 
f%rr  loipt.  and  |K  td  *t  drum  liLr  eytindei  lonlaiitiiii'  nlf’rl  fall-.,  and  c«»vrtrd 

in.pirwillt  ‘4c*rl  \lrp  hkr  pher^.  I1ir  imtieiial  to  hr  ipoinitl  rnlrt'.  Ihr.  i  h.miher  a  hole 

at  thr  ripl  <tii  ilir  righb  hi|».  i|. 

*riir  rniMititg  U  iirilonned  hy  llir  lallinp.  IrMin  mir  rdrp  on  u*  thr  ne\t.  lu  llir  eml  of 

ihr  rliiiwhrf  ?'»  Iwillrd  a  |ialrnl  'ipital  di’a  li.ir|»r,  and  rrrmn|*  ^pii.il.  ‘1  hs*  tpmd  ’»ueim  i'oir»i'-4H 
m|  *1  mmilK'r  of  rom«4iitr'.  ol  diininiMimg  iltafiiriri  .c»  llir\  appeacli  the  cefiirr. 

Thr  crtr.liril  mainial  pa-rtr*  info  liir  '.cfrr}}  on  laryj-'-a  totiiolitfi’  f’.rr  lap.  J),  and  after 
iivrr  thr  wltolr  Iriiplh  «»f  the  ’.ptral,  ilir  lailifiip.  air  drhvrinl,  hy  mrato  of  a 

coitvryrf  iii  ihr  crfilrr,  !»♦  ihr  onpo'-atr  ritd  of  tlir  prmditip  ilwmhrt.  Hir  vafioie*  foiiioluteM  of 
flir  irfrrfi  air  aiiioiifplrd  hi  a  drali.ifp.r  '.pifiil  twu  fhr  liill  Iriipili  ol  fhr  Htireii  and 

cotnrpi  llir  finr.liril  pfodtit  I  fo  thr  ih-it  li.iipr  al  de-  I  ndfr  of  ilir  rtnl  ol  ilir  ii»;o  hmr. 

f4|  Tithe  Mtlli.  Ihr.r  at*"  riTiiis.ill)  tnilL  fot  tisjr  |'imdiii|p  A  fypical  mill  cono’.l .  of  a 
long  Uihr  of  ‘-arrl  pli4ir‘j  hip  lo  I*-.*  If.  long  aiitl  f*  ft,  tfiamrirfh  t'oiiiaiiiing  a  mniihri  i»f  ilim  or 
'4rrl  lall'H  and  irM»lvrtl  t»y  ‘sniahlr  gr.ii,  'Phr  finll  fa|i,il4ro|  hemg  for  ritlirr  wel  oi  tiry 

efiitditic,  and  itir*  r-i  rlfnlrd  '*io|rly  h}  llir  ilifit  iirhhle^  of  halhi  oihhlltg  iigilllitl  rath  other 
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and  the  side  of  the  tula‘.  The  feed  is  phu’ed  at  one  taid,  and  the  nutlet  at  the  nthet.  hie..  4 
shows  a  luhe  mill  eapahh'  of  turninj.>[  out  ahout  47  tons  td  wty  tine  iinislu'd  pnudei  pet  Itnm. 
'rhe  material  d(‘livered  to  the  mill  sliould  he  ptdveiist'd  to  ai>onl  4:/  in.  t'uhe.,  and  the  fitial 
produet,  separated,  the  coarse  particles  hm'ni^  returned  to  the  mill.  ( )ne  »>f  the  ipeat  atKan(a|;«'-.  of 


IMC.  4.  Tuh(‘  Mill. 

(/■t4so  As7(-ft  I'o,  //</.,  /*/.) 

such  nulls  is  the  simplicity  in  conslruetion  ;  no  sievt's  are  lecjuiitnl,  and  heui  c*  llieie  r.  Iiminin 
ftom  hieakdown. 

(3)  Rui|^“RoU  Mills,  lly  far  the  ht‘st  mills  of  this  t}*pe  aie  tlnsse  paletilrtl  hy  the  Stmlevani 


Fi<i.  5. Ring* Roll  Mill  (sfction). 

^  e.  fJd,  Itmitm,) 


Engineering  (a).  Lt«l.,  London.  I  hpe  essentially  t4'  a  heavy  sled  an%*il  img,  fonravr  or 

the  itisule  (see  Og.  5),  ;ui<l  icv.,lveil  by  !i  shuft.  'n.rer,  sc,  calir.l.  tells  «tt 

prem*d  «agamHl  the  ring  with  enormous  force  hy  f4prings»  and  a  levrr  itrrangrmriit  mi  the  axlr** 

rhosc  rolls  are  convex,  ami  work  free-.  Thcrcvolving  ring  clrives  all  threw  toll-,  by  mcaiw  ..1  an 

mch  layer  of  centnfugally  hdtl  nmtcrnd  seen  at  E  (Fig.  d.  /  ^ 
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The  feed  enters  the  hopper  at  H,  and  is  delivered  by  the  spout  s  at  the  centre  of  the  concave 
surface  of  the  ring,  where  it  is  strongly  held  by  centrifugal  force  (seen  at  r),  until  the  ground  rock 
is  crushed  off  on  both  sides  of  the  ring  (as  at  g),  and  discharged  at  D. 

These  mills  are  very  durable,  and  give  a  large  output,  using  little  power.  They  have  replaced 
many  other  grinding  mills. 

(4)  Roll  Mills.  — The  most  efficient  mill  of  this  pattern  is  the  Bradley  three-roll  mill  (Fig.  6) 
manufactured  by  the  Bradley  Pulveriser  Co.,  London.  In  the  figure  the  upper  and  part  of 
the  lower  shield  are  removed  in  order  to  show  the  working  parts.  Three  rolls,  free  to  move, 
are  supported  in  a  pendulum  fashion  from  a  central  vertical  shaft,  and  hang  inside  a  fixed 
annular  ring  or  die.  When  the  shaft  revolves,  the  rolls  tend  to  rise  by  centrifugal  action  and 
crush  against  the  ring.  The  crushing  power  varies  with  the  speed  of  the  shaft.  The  material  to 
be  ground  is  fed  to  a  central  hopper  surrounding  the  shaft,  and  is  distributed  continuously  on  to  the 


Fig.  6. — Bradley  Three-Roll  Mill. 

(^Bradley  Pulveriser  Co.,  London.') 

ring  directly  in  front  of  the  three  advancing  rolls  by  long  spouts  (seen  in  F'ig.  6)  \  hence  the 
material  is  fed  exactly  in  the  place  where  it  is  to  be  ground.  This  is  a  slow-running  mill,  and  all 
the  working  parts  are  easily  accessible. 

The  output  of  the  Bradley  three-roll  mill,  wdth  phosphate  rock,  is  as  follows  : — 

On  Florida  high  grade  rock — 2I-3  tons  per  hour  ;  on  Florida  land  pebble  phosphate — 34-4  tons 
per  hour,  both  ground  to  a  fineness  of  80-85  per  cent,  to  pass  a  100  mesh  sieve  (  =  100,000  holes 
per  square  inch).  A  higher  output  up  to  6  tons  per  hour  is  obtained  with  softer  phosphate  rocks. 

(5)  Disintegrating^  Machines. — In  these  machines  disintegration  is  brought  about  by  blows 
which  are  either  on  the  supported  or  the  unsupported  particles  of  the  material. 

Mills  of  the  first  type  are  mostly  stamp  mills,  and  are  chiefly  used  in  the  mining  industry  and 
districts.  A  very  good  disintegrator  of  the  second  type  is  “Carter’s”  Disintegrator,  supplied  by 
J.  Harrison  Carter,  London,  and  seen  in  section  in  Fig.  7.  It  consists  of  a  circular  chamber  lined 
with  cast-iron  plates  which  have  grooved  or  ratcheted  surfaces,  F  and  G.  The  lower  half  of  the 
circumference  of  the  chamber  is  formed  of  screens  H  from  <^-3  in.  mesh  according  to  the 
required  fineness  of  the  finished  product. 

A  strong  spindle  a  passes  through  the  centre  of  the  chamber,  and  carries  four  or  six  iron 
beaters  c  attached  to  a  very  strong  steel  disc  B.  These  beaters  are  replaceable,  and  run  close  to 
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tin*  inner  cireumk'rencf  of  (he  grindini^^  el);unl>er,  env(‘nn|^r  its  wlii.h*  width,  'Fhe  niateii.d  to  hr 
ground  is  fed  us  near  ns  possible  to  the  periphery  of  the  tdnunher,  and  theie  it  meets  the  heatel^ 


/kP  ij  /  '"x. 

'’  ■74771"  i'\\V'  «  '“Vh  ;  t 


I'U:.  7.  Scviiiiii  111  ( ’;ii In I  )i’.iiiii'i;t.il<ii , 

(  /.  //a/  f  fUt»  (  ) 


mmA 


Fu;.  K. '■•  Sturieviirit’Ncwiiygo  Hepaiaioi. 

(Sfpi^ r*!. 

while  tht7  are  travelling  at  a  higli  speed  of  f5,tKx:.:r'20,cM'M;i  ft.  per  tninuir.  'Fhe  ntafeiial  js  thus 
U:aten  and  driven  against  the  lining.  As  the  pintieles  la-rmne  siiffirifntly  line  tliry  pjea,  tlmnieh 

amlS'lTmlumK  «KH'n  <>I-«atnl  ..n  l,y  the  k-alA, 
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The  feed  enters  the  hopper  at  H,  and  is  delivered  by  the  spout  s  at  the  centre  of  the  concave 
surface  of  the  ring,  where  it  is  strongly  held  by  centrifugal  force  (seen  at  r),  until  the  ground  rock 
is  crushed  off  on  both  sides  of  the  ring  (as  at  g),  and  discharged  at  D. 

These  mills  are  very  durable,  and  give  a  large  output,  using  little  power.  They  have  replaced 
many  other  grinding  mills. 

(4)  Roll  Mills. — The  most  efficient  mill  of  this  pattern  is  the  Bradley  three-roll  mill  (Fig.  6) 
manufactured  by  the  Bradley  Pulveriser  Co.,  London.  In  the  figure  the  upper  and  part  of 
the  lower  shield  are  removed  in  order  to  show  the  working  parts.  Three  rolls,  free  to  move, 
are  supported  in  a  pendulum  fashion  from  a  central  vertical  shaft,  and  hang  inside  a  fixed 
annular  ring  or  die.  When  the  shaft  revolves,  the  rolls  tend  to  rise  by  centrifugal  action  and 
crush  against  the  ring.  The  crushing  power  varies  with  the  speed  of  the  shaft.  The  material  to 
be  ground  is  fed  to  a  central  hopper  surrounding  the  shaft,  and  is  distributed  continuously  on  to  the 


Fig.  6.— Bradley  Three-Roll  Mill. 

{Bradley  Pulveriser  Co.,  London.') 

ring  directly  in  front  of  the  three  advancing  rolls  by  long  spouts  (seen  in  Fig.  6)  ;  hence  the 
material  is  fed  exactly  in  the  place  where  it  is  to  be  ground.  This  is  a  slow-running  mill,  and  all 
the  working  parts  are  easily  accessible. 

The  output  of  the  Bradley  three-roll  mill,  wdth  phosphate  rock,  is  as  follows  : — 

On  Florida  high  grade  rock — 2^-3  tons  per  hour  ;  on  Florida  land  pebble  phosphate — 3^-4  tons 
per  hour,  both  ground  to  a  fineness  of  80-85  per  cent,  to  pass  a  100  mesh  sieve  (  =  100,000  holes 
per  square  inch).  A  higher  output  up  to  6  tons  per  hour  is  obtained  with  softer  phosphate  rocks. 

(5)  Disintegrating’  Machines. — In  these  machines  disintegration  is  brought  about  by  blows 
which  are  either  on  the  supported  or  the  unsupported  particles  of  the  material. 

Mills  of  the  first  type  are  mostly  stamp  mills,  and  are  chiefly  used  in  the  mining  industry  and 
districts.  A  very  good  disintegrator  of  the  second  type  is  “Carter’s’’  Disintegrator,  supplied  by 
J.  Harrison  Carter,  London,  and  seen  in  section  in  Fig.  7.  It  consists  of  a  circular  chamber  lined 
with  cast-iron  plates  which  have  grooved  or  ratcheted  surfaces,  F  and  G.  The  lower  half  of  the 
circumference  of  the  chamber  is  formed  of  screens  H  from  5*^-3  in.  mesh  according  to  the 
required  fineness  of  the  finished  product. 

A  strong  spindle  a  passes  through  the  centre  of  the  chamber,  and  carries  four  or  six  iron 
beaters  C  attached  to  a  very  strong  steel  disc  B.  These  beaters  are  replaceable,  and  run  close  to 


Fig.  8. — Sturtevant-Newaygo  Separator. 

(JSttirtevani  Engineering’  Co.  Lid.^  London.) 

while  they  are  travelling  at  a  high  speed  of  15,000-20,000  ft.  per  minute.  The  material  is  thus 
beaten  and  driven  against  the  lining.  As  the  particles  become  sufHciently  fine  they  pass  through 
the  screens  into  the  chamber  below,  the  coarse  particles  being  again  operated  on  by  the  beaters, 
and  finally  reduced. 
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The  feed  enters  the  hopper  at  H,  and  is  delivered  by  the  spout  s  at  the  centre  of  the  concave 
surface  of  the  ring,  where  it  is  strongly  held  by  centrifugal  force  (seen  at  r),  until  the  ground  rock 
is  crushed  off  on  both  sides  of  the  ring  (as  at  g),  and  discharged  at  D. 

These  mills  are  very  durable,  and  give  a  large  output,  using  little  power.  They  have  replaced 
many  other  grinding  mills. 

(4)  Roll  Mills. — The  most  efficient  mill  of  this  pattern  is  the  Bradley  three-roll  mill  (Fig.  6) 
manufactured  by  the  Bradley  Pulveriser  Co.,  London.  In  the  figure  the  upper  and  part  of 
the  lower  shield  are  removed  in  order  to  show  the  working  parts.  Three  rolls,  free  to  move, 
are  supported  in  a  pendulum  fashion  from  a  central  vertical  shaft,  and  hang  inside  a  fixed 
annular  ring  or  die.  When  the  shaft  revolves,  the  rolls  tend  to  rise  by  centrifugal  action  and 
crush  against  the  ring.  The  crushing  power  varies  with  the  speed  of  the  shaft.  The  material  to 
be  ground  is  fed  to  a  central  hopper  surrounding  the  shaft,  and  is  distributed  continuously  on  to  the 


Fig.  6. — Bradley  Three- Roll  Mill. 

{^Bradley  Pulveriser  Co.,  London.') 

ring  directly  in  front  of  the  three  advancing  rolls  by  long  spouts  (seen  in  Fig.  6)  ;  hence  the 
material  is  fed  exactly  in  the  place  where  it  is  to  be  ground.  This  is  a  slow-running  mill,  and  all 
the  working  parts  are  easily  accessible. 

The  output  of  the  Bradley  three-roll  mill,  with  phosphate  rock,  is  as  follows  : — 

On  Florida  high  grade  rock — 2^-3  tons  per  hour  ;  on  Florida  land  pebble  phosphate — 3J-4  tons 
per  hour,  both  ground  to  a  fineness  of  80-85  cent,  to  pass  a  100  me.sh  .sieve  (=•- 100,000  holes 
per  square  inch).  A  higher  output  up  to  6  tons  per  hour  is  obtained  with  softer  phosphate  rocks. 

(5)  Disintegrating’  Machines. — In  these  machines  disintegration  is  brought  about  by  blows 
which  are  either  on  the  supported  or  the  unsupported  particles  of  the  material. 

Mills  of  the  first  type  are  mostly  stamp  mills,  and  are  chiefly  used  in  the  mining  industry  and 
districts.  A  very  good  disintegrator  of  the  second  type  is  “Carter’s”  Disintegrator,  supplied  by 
J.  Harrison  Carter,  London,  and  seen  in  section  in  Fig.  7.  It  consists  of  a  circular  chamber  lined 
with  cast-iron  plates  which  have  grooved  or  ratcheted  surfaces,  F  and  G.  The  lower  half  of  the 
circumference  of  the  chamber  is  formed  of  screens  H  from  (^-^"3  in.  mesh  according  to  the 
required  fineness  of  the  finished  product. 

A  strong  spindle  A  passes  through  the  centre  of  the  chamber,  and  carries  four  or  six  iron 
beaters  c  attached  to  a  very  strong  steel  disc  B.  These  beaters  are  replaceable,  and  run  close  to 
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the  inner  circumference  of  the  grinding  chamber,  covering  its  whole  width.  The  material  to  be 
ground  is  fed  as  near  as  possible  to  the  periphery  of  the  chamber,  and  there  it  meets  the  beaters 


(/.  Harrison  Carter^  London.) 


Fig.  8. — Sturtevant-Newaygo  Separator. 
{^Siwtevani  Engineering  Co.  Ltd.^  London.) 


while  they  are  travelling  at  a  high  speed  of  1 5,000-20,000  ft.  per  minute.  The  material  is  thu.s 
beaten  and  driven  against  the  lining.  As  the  particles  become  sufiTiciently  fine  they  pass  through 
the  screens  into  the  chamber  below,  the  coarse  particles  being  again  operated  on  by  the  beaters, 
and  finally  reduced. 
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Separators. — These  are  used  to  separate  the  fine  ground  phosphate. 

(1)  Screen  Separators.  — An  excellent  machine  of  this  type  is  the  Sturtevant-Newaygo  Patent 
Separator  (Slurtevant  Engineering  Co.  Ltd.,  London),  seen  in  the  diagram  (Fig.  8). 

The  screens  a  and  b  arc  made  of  stretched  wire  cloth,  and  are  subjected  to  very  light  and  rapid 
blows  from  the  hammers  H,  which  cause  the  mesh  to  keep  in  constant  vibration.  These  hammers 
are  driven  hy  gearing  lo  the  revolving  feed  F  placed  right  along  the  top  of  the  screen. 

(2)  Air  Separators  (see  F'ig.  9). — This  type  of  separator  consists  of  a  funnel-shaped  iron 
vessel  having  two  casings  ii  and  a  separated  from  each  other.  The  material  is  fed  from  the 
hopper  K  on  to  the  disc  .a,  rotated  by  the  pulley  B.  The  low'er  part  of  the  hopper,  as  well  as  the 

fan  F,  are  driven  by  the  pulley  C. 

The  material  is  spread  out  in  a  fine  stream  hy  the  plate 
A  towards  a  fixed  hood  G  directly  below  the  fan.  Here 
there  is  a  strong  current  of  air,  produced  by  the  fan  F  and 
coming  through  the  slits  E.  This  air  stream  carries  the 
smaller  particles  forward  into  the  chamber  G,  while  the 
larger  particles,  too  heavy  to  be  carried  up  by  the  air, 
strike  against  G,  and  fall  into  the  casing  H.  The  degree  of 
fineness  of  the  finished  product  can  be  regulated  by  the 
speed  of  the  fan. 


Complete  Plant  for  the  Treatment  of 
Phosphate  Rock 

Fig.  TO  shows  a  suitable  plant  for  crushing,  grinding,  and 
screening  phosphates,  supplied  by  the  Sturtevant  Engineer¬ 
ing  Co.  Ltd.,  London. 

The  material  is  first  crushed  in  the  rolljaw 
fine  crusher  a,  and  falls  into  the  “  crushed  rock 
bin”  D,  from  which  it  passes,  by  gravity,  to  the 
ring-roll  mill  c,  where  the  grinding  takes  place. 

The  ground  material  is  next  elevated  to  the 
Sturtevant  patent  separator  b,  where  it  is  screened, 
the  finely  milled  portion  passes  into  the  “fine 
rock  bin”  e,  while  the  tailings  pass  on  to  the 
bin  D  for  further  treatment. 

Superphosphate.  —  After  milling,  the 
powdered  phosphate  is  treated  with  sulphuric 
acid  in  order  to  convert  the  insoluble  tricalcium 
phosphate  into  soluble  monocalcium  phosphate  or  superphosphate : — 

+  2ll2S04[+  6H20]->2CaS04  +  CaH4(P04)2  [ -p  6T-I2O]. 

(Tricalcium  phosphate.)  (Sulphuric  acid.)  (Calcium  sulphate.)  (Monocalcium  phosphate.) 

This  formula  does  not  repre.sent  exactly  the  chemical  change  that  takes  place.  If  a  smaller 
amount  of  acid  is  used,  insoluble  dicalcium  phosphate  is  formed,  as  in  the  following  equation  : — 

Ca3(P04)o  -h  H2S04->CaS04  -f  Ca2HP04. 

Similarly,  if  a  large  amount  of  acid  is  added,  the  following  change  takes  place,  phosphoric  acid 
being  liberated : — 

Caa(P04)2  +  3H2SO,.>3CaSO,  +  2H3PO4. 

In  the  manufacture  of  superphosphate  care  must  be  taken  to  use  the  requisite  amount  of  acid, 
because  if  it  is  present  in  large  excess  a  sticky  product  will  be  the  result,  and  this  is  liable  to  be 
reverted  into  insoluble  calcium  phosphate  or  “Precipitated”  phosphate.  Reversion  also  takes 
place  if  superphosphate  is  kept  for  a  long  time  : — 

CaH4(P04)2->CaH2P04  -h  H3PO4. 

Iron  oxifle  and  alumina  may  also  bring  about  this  change,  hence  care  must  be  taken  in  mixing 
superphosphates  with  other  manures. 

Process  of  Manufacture. —Chamber  acid  of  1.55-1.60  sp.  gr.  is  chiefly 
used  ;  the  quantity  must  be  so  adjusted  that  to  one  molecule  of  calcium  phosphate 
there  are  rather  more  than  two  of  acid ;  also  sufficient  acid  must  be  added  to 
convert  the  excess  of  lime  (present  as  calcium  carbonate  and  calcium  fluoride)  as 
well  as  the  iron  and  aluminium  oxides  into  sulphates  : — 


Fho.  9.— Section  of  an  Air 
Separator. 
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Fici,  10.— Unit, 

It  is  usual  tu  ufftH't  ihiH  dri*uiii|Kihltli»n  aivi^rtliiig  t<4  athilysis,  A  i%  nmy  t.if 

each  hatch  of  phtmplmte  to  l»e  trealeci*  ariil  the  ealcuktetl  amoiini  of  arlth  riltis  alifmt  e 
isacltled.  '  '*  *  ‘  ' 

The  acid  must  be  used  <xild:  suClicient  heiit  will  be  cvulved  dniiit}'  the  ic;ii  lioit 
to  effect  the  decom|X)sition.  AcettrditiK  to  French  i’alctit,  .(itj.ytb,  mio.  a  Hlilc 
nitric  acid  added  to  the  suliilutric  acid  amderutes  the  decom]Misiti(»ti. 
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Fig.  II  shows  -the  Milch  patent  superphosphate  den  supplied  by  W.  J.  Fraser  &  Co., 
of  Dagenham,  Essex. 

The  various  grades  of  finely-milled  phosphates  are  conveyed  from  storage  bins 
to  a  weighing  machine  which  empties  a  weighed  quantity  of  phosphate  into  the 
mixer  r  (Fig.  ii) ;  next  the  requisite  amount  of  acid  is  measured  into  the  mixer  by 
another  machine  working  automatically  in  conjunction  with  the  first.  The  mixture 
is  now  well  stirred,  and  by  opening  a  valve  at  the  bottom  of  the  mixer  the  contents 
fall  into  the  chamber  or  den  d  where  the  action  completes  itself. 

This  chamber  consists  of  a  large  cylinder  D  made  of  iron  plates  and  mounted  on  running  wheels, 
so  that  it  can  remain  inside  the  large  closed  brick  chamber  c  or  be  withdrawn.  On 
either  side  of  the  cylinder  D  there  is  a  long  screwed  shaft  s,  which  works  in  threads  fixed  on  the 
side  of  the  cylinder  ;  by  rotating  these  shafts,  the  cylinder  D  can  be  slowly  drawn  out  of  the 
chamber  c. 

There  is  an  opening  all  along  the  top  and  bottom  of  the  cylinder  i).  The  bottom  opening  is 


Fig.  II. — Milch  Patent  Superphosphate  Den. 

{IV.  /.  P'raser  Co.^  Dagenham.) 

closed  by  means  of  heavy  wooden  doors  during  the  process  of  filling.  The  back  end  of  the  cylinder 
consists  of  a  permanent  steel  plate,  while  the  front  is  left  open  and  closed  by  a  wooden  door 
bolted  on. 

After  the  cylinder  D  has  received  its  charge  of  mixed  acid  and  phosphate  (15- 
40  tons  according  to  size),  it  is  allowed  to  stand  for  a  short  time  inside  the  brick 
chamber  c;  sufficient  heat  is  developed  to  carry  out  the  change  into  superphosphate. 

The  acid  gases  which  escape  both  at  this  stage  and  in  the  subsequent  excavation  of  the 
superphosphate  are  carried  away  by  a  ventilating  shaft  x,  which  is  connected  with  a  fan  to 
absorption  towers.  Modern  arrangements  are  described  in  Vol.  L,  p.  417,  under  The  Hydrofluoric 
Acid  Industry. 

Next  the  front  door  of  D  is  removed,  and  the  bottom  doors  dropped  on  their 
hinges,  and  the  work  of  excavating  the  superphosphate  from  D  is  now  commenced. 

Many  difficulties  have  been  experienced  in  the  manner  of  excavating  the  superphosphate  from 
the  den  D  :  firstly,  the  material  must  be  cut  away  without  any  rubbing  action,  which  spoils  its 
physical  condition  ;  secondly,  there  must  be  no  undue  pressure  which  might  spoil  its  chemical 
condition  ;  and  thirdly,  the  difficulty  from  the  corrosive  action  of  the  chemicals  and  gases  must 
be  overcome.  # 

In  the  Milch  chamber  and  most  other  dens  the  excavating  is  carried  out  automatically.  A 
revolving  knife  T  of  rather  less  diameter  than  the  cylinder  D  is  arranged  on  a  third  shaft  and  fixed 
in  front  of  the  cylinder  (as  shown). 
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When  the  machinery  is  started  the  Unite  'r  is  caused  to  rotate  alu>iU  fifty  times  per  minute  ; 
simultaneously  the  screw  shafts  rotate  which  slowly  draw  the  cylinder  D  towards  tht*  Unite  r.  'flie 
material  in  the  drum  is  thus  shaved  otf  to  a  very  tine  powder  whieli  (alls  inside  the  eylindei  and 
drops  through  the  bottom  opening  on  a  special  etuweyer  hy  which  it  is  taUeu  the*  stoiagr  sheds. 

The  power  needed  for  such  a  plant  is  eomparatively  small,  and  the  output  per  day  amounts  to 
about  160  tons. 

Fig.  I  .shows  in  detail  an  excellent  up-to-date  plant  (made  by  IlaUema,  of  Amsteni.im)  foi  the 
manufacture  of  supcrph()S[)hate.  ^ 

In  some  cases  the  chamber  is  pUu'ed  vertically  and  the  lower  end  removed  lot  e‘ntpt>mg  (h.nipish 
Tatcnt,  £5,940,  rpro).  Other  recent  patents  referring  to  su[H'rphosphate  densartd  njanufaetuie  air  : 
h'nglish  Patents,  11,215,  1906;  18,525  and  24, 2.p),  10,572,  i«H2(tbS.  Falent,  1,040,081 1 ;  also 

French  Talents,  422,875,  rqio;  425,210,  kho;  and  Oerman  Talent,  257,i<)£.  lOU. 

'I'hc  product,  superphosphate  of  lime,  is  gcufially  culk-d  “super 


ti, . Single- liliuh*  Mixing  Macliitte/* 


phosphate^”  or  '^mineral  superphosphate.*’  'Hu*  stroitgth  nroordnig 

to  the  iTat(‘ria!  u.sed,  ;ukI  is  juclgc-d  by  the  iiriKniot  tif  pluis|>!uae  suhible  in  water, 
and  ill  a  2  p£‘r  (‘ent.  viuiv  arid  solution,  rsiially  jatpcapliosphates  eontain  25*28 
per  cent,  of  soluble  phosphate,  hut  scutii*  saruples  (‘oninin  a  uiudi  highoi  peic’enlage. 

Superphosphate  should  be  in  a  ftialde  ami  diy  eumlition  oi  vhv  it  will  t  log  the  thill*,  when  U'^ed 
for  manuring.  T!r*  etduur  ilie  sample  is  not  a  criterion  as  to  th**  9«idtty. 

Basic  Superphosphate,  'hhis  cauitaius  e\rt\ss  cd'  liiue  atid  is  made  !*y 
neutrali.siug  thttexc’ess  edaeid  in  .superph(£sphatc  hy  lime,  Art'ordiiig  to  Mngli'sli 
Patent,  3,327,  1912,  if  supc.Tphosphate  is  heated  to  about  Hif  i\  ilto  caleium 
sulplmte  is  deecmiposed,  and  sulpliuric  aeid  is  driven  off,  ftjrming  lime.  Water  also 
pa.sse.s  off,  forming  a  hasi«‘  ,supt‘rph(»sphate  etmtaining  iifanit  40  per  eniL  of  lime. 

Double  Superphosphate  tamiains  some  45  per  et?ni.  water  snluhlr 
pbosphciric  acid,  and  ts  made  as  billows:  Phosphorie  at:id  solulitm  h,  first  ohiaiiirti 
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by  the  action  of  sulphuric  acid  on  natural  phosphates,  and  filtering  off  the 
gypsum  formed. 

The  solution  is  now  evaporated  in  covered  pans,  and  stirred  with  the  requisite 
quantity  of  phosphate  meal,  then  drying  the  double  superphosphate  which  is  formed. 

Phosphoric  acid  prepared  in  this  manner  is  also  used  for  making  potassium,  sodium,  and 
ammonium  phosphates. 

Dissolved  or  VitrioHsed  Raw  Bones.— Manures  of  this  type  are  prepared 
by  treating  crushed  bones  with  sulphuric  acid,  which  converts  the  calcium 
phosphates  into  an  acid  phosphate. 

A  suitable  mixer,  and  one  that  will  Resist  the  action  of  the  acid,  is  made  by  Werner,  Pfleiderer, 
&  Perkins  Ltd.,  of  Peterborough.  This  is  shown  in  Fig.  12,  tilted  to  empty  the  contents. 

Raw  unsteamed  bones  should  be  used  in  the  manufacture,  and  excess  of  acid 
must  be  avoided  as  it  forms  a  pasty  mass. 

In  order  to  obtain  a  good  product  the  bone  meal  should  be  in  a  fine  condition, 
and  the  mixing  well  carried  out.  Dissolved  bone  meal  usually  contains  30-35 
per  cent,  of  total  phosphate  and  nitrogen  equivalent  to  3-3.5  per  cent,  ammonia. 
If  steamed  bones  are  used  the  product  will  not  be  so  rich  in  nitrogen. 

Analyses  of  various  raw  and  steamed  bone  meal  (according  to  J.  Richardson,  York)  are  as 
follows : — 


Raw 

Bone  Meal. 

Si  earned 
Bone  Meal. 

Moisture . 

9. 10 

6.30 

Organic  matter . 

35  9<5 

12,90 

t  Phosphoric  acid . 

22.00 

32.10 

Lime . 

29.20 

41.97 

Magnesia,  alkalis,  etc.  .  .  .  . 

2.74 

6,58 

Insoluble  siliceous  matter  -  -  -  - 

1. 00 

0.15 

100.00 

100.00 

*  Containing  nitrogen  -  .  .  - 

4.27 

1.38 

Equivalent  to  ammonia  -  -  -  - 

5.18 

1.67 

t  Equal  to  tribasic  calcium  phosphate 

48.04 

70.07 

Dissolved  Bone  Compounds. — These  are  made  by  mixing  dissolved  bone 
meal  with  water-soluble  mineral  phosphates.  Sometimes  other  substances,  such 
as  dried  blood,  guano,  etc.,  are  added  to  the  bones  before  dissolving  in  the  acid. 

The  composition  of  such  manures  naturally  varies  :  a  good  quality  sample  contains  about  30 
percent,  total  phosphates,  of  which  20  per  cent,  is  soluble  in  water,  and  1.25  per  cent,  nitrogen 
(equal  to  1.5  per  cent,  ammonia).  A  poorer  sample  may  only  contain  nitrogen  up  to  about 
I  per  cent,  ammonia. 

Basic  Slag. — (Otherwise  known  as  basic  cinder,  basic  phosphate,  Thomas 
slag,  Thomas  meal,  or  Thomas  phosphate.) 

This  is  a  by-product  of  the  Thomas-Gilchrist  process  for  the  Bessemer 
conversion  of  phosphatic  pig  iron  into  steel.  The  phosphorus,  at  the  high 
temperature  of  the  molten  iron,  is  converted  into  tetra-calcium  phosphate  by 
combining  with  the  coating  of  lime  in  the  converter ;  this  phosphate,  unlike  tri¬ 
calcium  phosphate,  is  soluble  in  citric  acid  solution. 

The  actual  percentage  of  phosphate  in  the  slag  varies  considerably  ;  medium  grade  slag  contains 
about  30  per  cent.,  and  the  best  grade  about  40  per  cent,  of  phosphate  calculated  as  Ca-jPoOH-  The 
same  tetra-phosphate,  ’under  the  name  of  Wiborgh-phosphate,  is  formed  in  Germany  by  heating 
mineral  phosphates  with  soda. 

Basic  slag  is  a  very  heavy  material,  and  when  finely  ground  forms  an  excellent 
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manure,  the  phos{)horus  being  more  readily  available  than  in  tlu*  ease  uf  natural 
phosphates. 

The  preparation  of  the  slag  as  a  manure  simply  ('onsists  in  hru-  eiusiiing 
and  separating. 

This  is  usually  carried  (Hit  at  the  iron  works.  Some  of  llu‘  most  suitahlc  milk,  u  .t’d  in  tin  .  wtuk 
are  ball  or  ball-tube  mills  (see  p.  24),  whilst  air  separation  is  the  hesl.  On  the*  avei.i.|*r  alnnil 
80  per  cent,  of  the  slag  should  pass  through  a  sievti-or  mcslies  to  the  vpiart"  ineh.  A«  t’otdin|» 

to  English  Patent,  63,  1902,  Thomas  slag  is  converted  into  a  powdeu  l»y  the  ai'titut  t»f  ste.mi. 

The  value  of  the  meal  depends  on  the  pen‘entage  of  c*itri<*  .soluble  plutsphttrir 
acid  it  contains.  In  good  slag  80-90  per  rent,  of  the  total  pltosphorit^  acid 
should  be  soluble  in  a  2  per  cent,  citric  acid  solution. 

Two  typical  analyses  of  basic  slag,  as  given  by  J.  RichaitlMvn  tS:  <  'o.,  aie  jis  Adltm*.  n 


.f » 

.hi 

(  had*’. 

<  hatlr, 

Silica 

1  2.f)U 

S.  l<t 

Peroxide  of  iron 

10.87 

n  1.  *< « 

Prototxide  of  iron 

7.01 

H.  u 

I*rotoxi<le  of  mauiptne  e 

6,  ni 

5*  M 

Lime  * 

44  54 

4  5-4^ 

Magnesia  • 

4>ti 

|.e| 

Sulphur 

n.iy 

0.41 

Phtisplutric  aeitl  • 

14.41 

IH.  |fi 

ttMi.OO 

Basic  slag  is  suital)Ic‘  ha*  clay  anti  pruty  sciiis,  unnaLitid,  fruit,  ant!  vi{if*vart!s, 
and  generally  all  lands  poor  in  phnsphnite  acid.  l‘he  at  titm  is  stmunUial  'dtnvrt 
than  in  the  <‘ase  of  superpliospliate,  but  the  atiual  tae-a  id  the  phtssphui it  at  i<l  in 
the  slag  is  about  thrtu^  tpiaritTs  the  price  that  tamtainctl  in  Hiiptaplmsfitiair. 

The  annual  tnstput  of  slag  in  the  Ihnteil  Kmgdtmi  now  r»*  v»sur  4»io,nt»i  mI  wlmlt 

aln)ut  220.CK)t)  tons  ar«*  used  tt»r  hotne  eoteaunpiion.  Thr  i  ‘imniienlal  pi.HlyeiiMU  a|  ^ur  m  raimairtl 
at  3a’KX),CKK)  while  t»vei  i,2tioa^^r  Unv*  were  tCiinl  annually  m  tirntiain 

IL  I4I()SlMl()-NITRC)(;EN<}lfS  MANTRES 

Bones.  -(<»  Raw  and  unsteamed  bone  manure  is  ri*  h  m  lihnM.iiurti. 

and  fairly  rit*h  in  nitrogen. 

Crushing’.  — Bones  art*  crushetl  in  any  suitaldc  mill;  the  ivpt'  maially  iisrd 
consists  of  a  pair  of  ttnalietl  rttiltu's  hciwecn  wliit'h  tlti*  Inttp's  pa'o,  riilr-c,  ihr 
hones  are  finely  rrushetl  tiic-y  art*  ht*st  umhI  uu  the  Imd  f*aily  in  ihr  nfi 

account  t»f  tin*  tinu*  takt*n  tt»  tlrt'ompose, 

(k)od  raw^  hone  nitsil  ctauains  40  50  pri  eemt.  phn'.|ih;ift.  and  ^ 

nitrogen  (etiuivaUml  \n  4  5  pvt  vmi,  ammuniaj.  haiglt*di  law  b.*iif  nir-al  emn'raih 
contains  45  pt'r  eent.  plictsphaics  ami  4.5  pm  i  ml.  nitittgm 

Imjian  hone  meal^  ha\r  Ifrm  pl.u  rd  Mit  il-ir  m.itlri,  at|,|  4ir  i|va4lh  nliehiU  ta  l-^ri  ihiiu  i|,r 

raighdi  vanenrs. 

Raw  ht»ne  meal  i\  iipifr  *‘tien  lead  |mi  petmaiieiii  |a4mr,  {tali  tu  iimi..,  <>u  *4 

tdow  rate  of  attfinn. 

(3)  Steamed  or  Dcgelatinised  Bones,  rfudiml  biiiies  mr  oeaini  wnh 

superliealeti  sltsun^and  livnivnv  to  irmciVf  the  fat  ami  glitr  (Im  r.f 

process,  ^sf‘e  Martin’s  “  IntlmiOial  ( lieiniHfi) :  Ciiganir/'  pp.  41  mul  51151.  1  hr 

hones  after  treatinml  rtuilain  tiiily  almiit  1  pvt  cefii.  uf  the ’iiiliugrm  IihI  afin 
grinding  are  sold  as  *miraiiied  hour  nira!  *' 

vm.ir.  4 
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Another  meihocl  of  extraction  is  to  soak  the  bones  in  8  per  cent,  hydrochloric  acid  for  some 
days.  This  takes  out  all  the  phosphate,  which  is  then  thrown  down  as  dicalcium  phosphate  by 
lime;  the  so-called  “  Lime  Precipitate”  is  citric  soluble,  and  is  an  excellent  manure,  only  it  is 
fairly  expensive. 

The  value  of  steamed  bone  meal  is  less  than  raw  bones  on  account  of  the 
smaller  nitrogen  content ;  the  amount  of  phosphates  is,  however,  higher. 

Flesh  Meal  (flesh  guano  or  meat  meal)  is  obtained  from  the  carcasses  of 
horses  and  other  animals,  the  putrid  animal  refuse  from  slaughter-houses,  garbage, 
etc. 

Suitable  plants  have  been  designed  and  are  in  operation  at  various  places. 
The  refuse  is  placed  in  a  sieve  in  an  iron  cylinder  into  which  superheated  steam  is 
passed;  after  a  few  hours  the  meat  becomes  thoroughly  cooked.  The  fat  and 
gelatine  broth  drop  down  and  are  collected ;  the  evil-smelling  steam  is  also 
collected  by  condensation.  The  solid  matter  after  straining  is  reduced,  by  pulveris¬ 
ing,  to  a  pulp  and  then  conveyed  to  a  suitable  drying  apparatus.  The  dried 
product  is  called  flesh  meal  and  is  completely  scentless :  it  contains  6-8  per  cent, 
nitrogen  and  6-15  per  cent,  phosphoric  oxide. 

The  water  or  tankage  that  separates  from  the  above  cooking  is  stored  in  vats,  heated  to 
170®  F.,  and  the  grease  removed  as  completely  as  possible;  this  is  important,  because  if  grease 
is  present,  it  interferes  with  the  evaporation.  The  liquid  is  now  evaporated  in  a  suitable  machine, 
the  dried  product  being  used  as  a  manure.  (See  English  Patents,  23,045,  1904;  24,492,  1906; 
21,630,  1908;  15,654,  1909.) 

The  so-called  ‘'Fray-Bentos'’  g'uano  is  produced  in  a  similar  manner  from 
the  residue  during  the  manufacture  of  Liebig's  extract  of  meat. 

Fish  Manures  or  Guanos. — These  are  largely  made  from  the  residue  and 
•offal  from  fisheries,  and  sometimes  (as  in  America)  from  whole  fish. 

The  fish  scrap  is  carried  in  a  continuous  stream  to  the  cooker  or  digester 
{Fig.  13  (A)). 

This  consists  of  a  horizontal  cylinder  to  one  end  of  which  is  fitted  a  mechanical  feeder.  A 
long  hollow  steel  shaft,  capable  of  being  rotated,  passes  through  the  cylinder,  and  carries  a  special 
spiral  conveyer  which,  by  rotation,  continually  moves  the  material  through  the  cooker.  The  shaft 
is  also  provided  with  hollow  radial  arms,  and  pierced  with  numerous  holes. 

The  fish  scrap  is  thoroughly  disintegrated  by  the  rotating  of  the  shaft,  and  cooked  in  a  few 
minutes  by  the  steam  which  passes  through  the  shaft  and  arms. 

When  the  material  reaches  the  other  end  of  the  cylinder,  it  is  automatically 
conveyed  to  the  press  (Fig.  13  (B)). 

The  central  rotating  hollow  shaft  of  the  press  carries  a  tapering  pressing  screw  which  revolves 
in  a  similar  conical  steel  casing.  The  wet  material  is  fed  by  means  of  a  mechanical  device,  and 
discharged  at  the  smaller  end  of  the  machine  thoroughly  pressed.  The  pressure  on  the  material 
is  regulated  by  the  size  of  the  opening  at  the  discharge  end. 

Steam  may  be  passed  into  the  material  from  the  shaft  during  pressing ;  this  is 
advantageous  in  pressing  substances  which  contain  much  grease  or  oil.  The 
water  and  oil  which  separate  during  pressing  drain  away  into  large  settling  tanks 
where  the  oil  is  separated.  From  the  discharge  end  of  the  press  the  material  is 
fed  to  the  drier.  That  shown  in  Fig.  13  (C)  is  a  direct  heat  rotary  drier,  and 
reduces  the  moisture  to  about  10  per  cent. 

The  long  rotating  cylinder  is  slightly  tilted  from  the  furnace  end,  and  is  provided  inside  with 
a  number  of  shelf-like  vanes.  The  material  and  furnace  gases  enter  at  the  higher  end.  The  wet 
material  falls  to  the  bottom,  but  is  elevated  by  the  shelves  to  the  highest  point  in  the  cylinder,  and 
is  then  showered  through  the  hot  furnace  gases.  This  operation  is  repeated  until  the  dried 
material  is  discharged  at  the  lower  end  of  the  drier. 

Wet  Fish  Scrap  . — In  some  cases  the  fish  scrap  as  it  comes  from  the  press 
is  acidulated  with  sulphuric  acid  of  60'’  Be.  (60-80  lbs.  per  ton  of  wet  scrap). 
This  converts  the  bone  phosphates  into  the  soluble  form,  and  also  prevents  the 
mtaerial  from  decomposition.  Good  fish  scrap  contains  50  per  cent,  water,  and 
7.5-7.75  per  cent,  ammonia. 
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Whale  Meal  (or  whale  guano)  is  a  variety  of  fish  manure  made  from  the 
refuse  from  whales. 

The  oil  should  he  removed  as  completely  as  possible  from  fish  scraps,  because  if  present  in  the 
manure  it  hinders  the  decomposition,  and  is  itself  useless  as  a  manure.  Dry  fish  manure  should 
be  stored  carefully  on  account  of  its  great  combustibility  due  to  the  residual  oil.  If  stored  in  large 
heaps,  fires  may  be  caused  by  spontaneous  combustion. 

(See  English  Patents,  3,470,  8,483,  9,773,  and  25,425  for  1901  ;  18,741,  1902;  15,319, 
1903;  9,018,  1904;  23,399,  1907;  19,706,  1910;  and  18,365,  1911.) 

Analyses  ok  Fish  (iUanos.  (H.  Richardson  &  Co.,  York.) 


Fish  Meal. 

Whale  Meal. 

Moisture  -  - . 

9.10 

5-74 

Organic  matter  and  water  of  combinatiou  ~ 

65-44 

59.98 

Phosphoric  acid . 

8.82 

12.79 

[Equal  to  calcium  phosphate) 

[19.28! 

(27.93 1 

Lime  -------- 

10. 10 

16.60 

Magnesia,  alkalis,  etc.  »  .  .  - 

In.soluble  siliceous  matter  .  -  -  - 

3-32 

1.87 

3.22 

100.00  j 

3.02 

100.00 

*  Containing  nitrogen  .  „  .  . 

7.21 

6.6? 

Equal  to  ammonia  „  »  -  . 

^-75 

8.oi> 

IIL  NITROGENOUS  MANURES 

[a)  Inorganic  -Nitrate  of  Soda,  or  Sodium  Nitrate,  NaNO.,  (Chile  salt¬ 
petre)  (for  occurrence,  preparation,  etc.,  see  Vol.  L,  p.  431).— This  is  one  of  the 
most  concentrated  forms  of  nitrogen,  and  a  manure  in  which  the  nitrogen  is  in  a 
condition  very  easily  available  by  plants.  The  reason  for  this  is  that  nitrate  is  very 
soluble  in  water. 

The  usual  standard  for  good  quality  nitrate  of  soda  is  ‘Cit  least  95  per  cent, 
purity,'"  /.<?.,  containing  15.6  per  cent,  nitrogen,  equivalent  to  19  per  cent,  ammonia. 

The  base  soda  .(Na.jjO)  of  the  nitrate  can  hardly  be  called  a  fertili.sing  ingredient,  hut  it  is 
beneficial  because  its  action  on  clays  in  the  soil  causes  tlccomposition,  during  which  potash  h 
liberated.  Thus  manure  i.s  chiefly  used  as  a  top  drc.ssing  on  account  of  its  great  solubility.  Tlic  effect 
on  the  plant  can  be  .seen  in  a  few  hours  by  a  change  in  the  colour  of  the  leaves. 

Saltpetre  is  not  a  complete  manure,  since  it  supplies  only  one  e.ssential  constitiuuit  of  plant  food, 
f.r.,  nitrogen,  and  for  most  purposes  it  should  therefore  be  used  in  eonjui\ction  with  phosphates,  etc. 

Ammonium  Suljphate,  (NH,j).^vS04  (for  preparation,  et(‘.,  .see  Vol.  L,  pp.  453 
ef  .w/.).’~This  is  practically  the  only  ammonium  conq)ound  on  the  market  as  a 
fertiliser.  Ammonium  sulphate  contain.s  about  20-21  per  ernt.  nitrogen,  eciuivalent 
to  24-25  per  cent  ammonia. 

The  nitrogen  in  the  form  of  ammonia  is  not  .so  easily  assimilated  by  plants  us  it  i.s  in  the  nitrate 
form:  this  is  because  the  amnumia  has  t«)  be  converted  iiU(»  nitrate  in  tiie  soil  by  the  action  of 
nitrifying  bacteria  before  being  available  for  plant  use  (see  Vol.  I.,  pp.  427-429). 

The  addition  of  Common  Salt  t(»  ammonium  .sulphate  is  said  to  increase  the  feUilising  power 
{Jotfm,  So(\  Chrm.  /mi*^  1911,  p.  40). 

Ammonium  sulphate  .should  not  be  applied  to  soil  soon  aftitr  limeing,  and  b 
not  very  suitable  (unless  on  grass)  for  wet  clay  soils  where  the  want  of  good  aeration 
makes  the  nitrifying  process  slow  and  imperfect.  It  is  a  very  valuable  nitrogenous 
manure  for  corn  crops,  fiotatoes,  etc.,  while  it  is  very  suitable  for  making  mixed 
manures  (see  p.  41).  It  should  not  be  used  t(K)  frctpiently  on  soils  poor  in  lime. 

Calcium  nitrate,  lime  nitrate,  lime  .saltpetre,  (!a(N(b).,.2H./)  (for  {)reparation, 
properties,  etc,  sec  Vol.  I  ,  p.  435). —This  is  a  comparatively  new  fertiliser,  and  is 
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rapidly  becoming  a  valuable  nitrogenous  manure,  compelling  closely  with  sodium 

nitrate.  .  •  i  # 

Nitrate  of  lime  usually  contains  about  13  per  exmt.  nitrogen,  eipiivalmu  to  if> 
per  cent,  ammonia  (if  of  95  per  cent,  purity  it  contains  15.6  per  cent,  nitrogem  cijual 
to  19  per  cent,  ammonia),  and  is  directly  assimilable  by  plants  without  having 
to  undergo  any  change  in  the  soil.  It  is  hygroscopic,  an<l  is  best  employed  \n  the 
basic  state  [Ca(N03)o’Ca0]  on  account  of  its  greater  stability. 

It  can  be  rendered  dry  and  non-deliquescent  by  mixing  with  an  abstirljcnt  substanec,  mscIi  as 
sodium  sulphate  or  calcium  sulphate  (English  Patent,  24,297,  1903).  Aroording  to  t.erman  I  atrnt, 
22,9163,  1909,  a  mixture  of  solutions  of  calcium  nitrate  and  nitrite  on  evaporation  (the  uitralr 
nitrogen  being  less  than  15  per  cent,  of  the  total)  forms  a  dry,  friahU*  pnwdcr  whu  h  i^  not 
deliquescent. 

Calcium  nitrate  like  sodium  nitrate  is  specially  suitable*  for  top  dressing  tm 
account  of  its  hygroscofiic  nature,  which  e'auses  it  to  find  its  way  into  the  sml 
very  easily. 

d'he  results  of  recent  experiments  show  that  nitrate  of  lime  givtss  tlu^  first 
result  of  all  manures. 

(3)  Organic- -Calcium  Cyanamide  (*Minu‘  nitrogen  ”  or  nitiolime  ").  I'his 
is  the  ('alrium  compound  of  hyelnHyamic  aead,  (!a  N  T  N  (for  prepaiatitm,  etes, 
see  Vol.  I.,  p.  475).  It  is  a  black  compound,  and  (‘ontains  19  20  per  nitrogen, 
40-60  per  cent,  lime,  and  12- 14  per  cent,  (sirfmn.  When  expiised  to  tlie  air 
water  is  taken  up  by  tlu*  liuu*,  hut  tlu*re  is  no  loss  of  nitrogci^  ‘I'-i  formeily 
supposed. 

Raw  nilroUnie  may  contain  small  cpuintiti\*H  of  radndf%,  plmsphidr*.,  and  oilpliithj'-  a%  imptuinr*i ; 
these  are  undesirable  in  manures,  because*  thcM*orrcspontling  |pe.e%(/.c. ,  ucrtylenr,  pliosplisne, 

PIl.j,  and  hydrogen  sulpliidt*,  II.iS)  are  all  poisonous  So  vc‘|ni.ttio{i,  and  p.iiUuil.nlv  to  smllels,  aiui 
during  germination.  Several  prot'esses  have  been  introdui'od  and  imtrh  maehiiirry  tlrsigtird  to 
prepare  a  good  product  frtnn  crude  eal(*imn  evatuunide,  sutiabb*  foi  usr  us  a  fertilisrt.  'Phr  oh|rii 
of  these  is  to  hydiatc’  all  the  caustic  lime,  and  discduige  tu  expel  tfiesr  poisonnu*.  ipisrsjtom  the  raw 
material.  A  granular  prtHluct  may  he  made  by  mixing  with  mol;e.sr%  to  hvdiafr  the  nittttlimr,  itieri 
drying,  and  grimling.  (Frenidi  Patent,  44.t»q33»  nH2). 

'Flu*  use  of  nitrolime  as  a  manure  detpends  tm  tin*  rcarlion  if  undergoes  with 
water  into  cal(*ium  carlmnatc  and  amnmnia'  - 

C'aN.t'N  I  3114)  aC4)|  I  2NH,. 

Its  tlcrompohilitm  in  the  .soil  is  m>t  ho  simple  as  shown  hy  this  f<|U4tion,  hut  prohihlv  lakes 
place  in  stages. 

lurst  atmospheric  carbon  dioxide  ami  water  ftirm  cyanamide 

CaiN.C’N  I  CO,,  I  IlyO  etraCO.!  I  H.N.CN. 

'Phen  this  is  converted  into  urea  hy  further  action 

II.N.t'N  I  iL()  >c:o< 

‘NIP, 

Urea  by  ammonia  fermentation  yiehls  ammonium  cftrlionate 

('0(NH.4,  I  ilLC)  .e(Nirp,C()3. 

lliis  (*an  be  assimilated  either  direct  try  plants  or  indinTtly  aftt*r  lieing  camvertcal 
into  nitric  acid  by  nitrifying  bacteria. 

The  decompoxition  in  the  soil  is  said  tt»  he  rlue  inorganic  catalyst*i  as  well  as  lartnhi  { 

Sfit .  i7irm.  /nd.^  njii,  p.  mi|. 

The  iiresence  of  the  lime  in  calcium  (‘yamunidc*  lias  a  vahiahle  action  during 
manuring:  it  prevents  the  soil  becoming  acid,  tlu*n‘!ry  c*a»sing  abundant  gn»wi!i  of 
the  nitrifying  hat'teria,  whirli  cannot  live  in  arid  .soil. 

Calcium  cyanamide  is  m4  pleasant  to  handle,  and  ilu*  dust  is  injurious.  U.S.  Palrng  ia}4oai'^| 
(1913),  refers  to  making  a  non  du  ,lin|*  prodiu’i  frunj  talciuin  cqanatihdr. 

Nitrolime,  as  now  manufactured,  can  he  sttm-d  for  a  rckh!  lim«*  under  oidinary 
conditions  without  damage  or  loss  of  fertilising  power,  and  may  he  mixed  in  any 
proportion  with  other  manures  without  evolution  of  heat  or  loss  of  ammonia.  It 
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is  claimed  that  unit  for  unit  nitrolime  is  equal  in  value  to  sodium  nitrate  or 
ammonium  sulphate,  but  it  is  not  suitable  for  top  dressing,  although  it  does  not 
injure  germination.  It  is  a  good  deal  dependent  upon  the  season  for  its  rapidity 
of  action. 

The  fertility  of  calcium  cyanamide  may  be  increased  by  adding  iron  oxide  (powdered  bog  iron 
ore).  {Jourjz,  Soc.  Cherti.  hid.,  1912,  p.  941.) 

A  stable  “nitrolime”  fertiliser  may  be  made  by  mixing  the  raw  material  with  calcium  nitrate, 
then  drying  and  grinding  the  product  (German  Patent,  252,164,  1909).  A  similar  powder  can  be 
made  by  mixing  with  alkaline  silicates,  etc.,  and  partially  hydrating  (French  Patent,  423,072,  1910). 

According  to  German  Patent,  242,522,  1910,  the  mixing  of  nitrolime,  before  its  application  to 
the  soil,  with  a  colloidal  substance,  or  one  readily  converted  into  the  colloidal  condition  [e.g.,  iron 
oxide),  causes  the  transformation  into  urea  to  be  accelerated. 

“  Nitrolime  ”  in  a  fertiliser  may  be  detected  by  its  odour,  alkaline  reaction,  and 
abundance  of  lime  in  the  ash. 

The  analysis  of  fairly  pure  calcium  cyanamide  is  as  follows  (Rogers  and  Aubert) :  — 

Calcium  cyanamide 
Calcium  carbonate  - 
Calcium  nitrate 
Slaked  lime  -  -  -  - 

Sodium  cyanamide 
Free  carbon  -  -  -  - 

Silica,  alumina,  iron  oxide,  etc. 


100.00 

Rape  Cakes  and  Meals  (for  manufacture  see  Martin’s  Industrial  Chemistry ; 
Organic”  (Oil  Extraction)). — These  contain  about  4-5  per  cent,  nitrogen,  and  a 
little  potash  and  phosphates.  Rape  cakes  and  Rape  dust  are  gradually  decom¬ 
posing  fertilisers,  and  are  specially  suitable  for  potatoes  and  corn.  They  are 
prepared  from  rape  seed  which  has  not  been  completely  oil-extracted.  The  best 
variety  is  East  Indian  rape  cake,  in  which  the  nitrogen  is  as  much  as  6.5  per  cent. 

Rape  Seed  Meal,  on  the  other  hand,  is  produced  by  the  newer  chemical  oil- 
extracting  processes,  and  the  nitrogen  content  is  somewhat  higher  than  in  rape  dust; 
the  price  is,  however,  lower  because  it  takes  longer  time  to  decompose  in  the  soil. 

Castor  Oil  Meals  are  similar  in  character  to  rape  meals,  and  are  the  residues 
from  the  castor  oil  beans  after  chemical  extraction  of  the  oil.  For  manufacture  see 
Martin’s  “  Industrial  Chemistry  :  Organic  ”  (Oil  Extraction). 

Similar  manures  are  often  made  from  damaged  feeding  cakes,  etc. 


29.26 

0.21 

20.06 

28.78 

10.38 


Total  nitrogen  =  17.01  percent. 

Total  lime  =  34.73  per  cent. 

Nitrate  nitrogen  =  3.39  per  cent. 
Cyanamide  nitrogen  ~  13.62  per  cent. 


Analyses  of  these  Manures.  (J.  Richard.son  &  Co.,  York.) 


1 

1 

Oil"  Extracted. 

1 

East  Indian 

'  Rape  Cakes. 

Rape  Seed. 

Castor 

Meal. 

Menl. 

1 

Moisture  - . 1 

10. 84 

10.88 

10.34 

^Organic  matter  ...  - 

81. 14 

72. 78 

79.42 

fPhosphoric  acid  _  .  .  - 

2.43 

1.92 

Lime . 

1.30 

2.60 

1.08 

t'Magnesia,  alkalis,  etc. 

2.59 

4.00 

3-36 

Insoluble  siliceous  matter 

1.70 

7.82 

4.28 

100.00 

100.00 

100.00 

*  Containing  nitrogen 

5-32 

5.12 

4.66 

Equal  to  ammonia  -  -  -  - 

6.46 

6.21 

5.66 

t  Equal  to  tribasic  calcium  phosphate  - 

5-31 

4.19 

1  3-32 

J  Containing  potash  -  -  -  - 

1.42 

1.40 

1. 19 
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Blood  Meal  is  a  very  rich  manure,  containing  on  an  average  i  i  ig  inn-  cent. 
nitrogen  and  0.75  per  cent,  phosphoric  acid,  and  rots  rapidly  in  the  soil.  It  is 
prepared  by  coagulating  blood  from  slaughter-houses,  etc.,  drying  and  grindiiig  the 
product  The  manufacture  is  carried  on  in  America,  atul  also  in  our  own  country, 
the  product  fetching  a  good  [)rice. 

Blood  meal  is  becoming  less  used  as  a  manure,  its  place  being  taken  by  t*hemical  m.intuc's. 
Dried  blood  is  now  mostly  l)ought  by  manufacturers  and  converted  into  etnnpoiuul  manure’s. 

Horn  and  Hoof  Meals. —Scraps  of  horn,  iioof  shavings,  ete.,  are  gnmnd 
to  form  a  meal ;  sometimes,  however,  they  are  heated  or  treated  with  superheated 
steam  previous  to  grinding. 

The  meal  must  be  tinely  ground,  because  horn  is  insolul>le  and  dec.ivs  sluwlv.  'riH*  product  i% 
very  rich  in  nitrogen,  C(»ntaining  some  14  per  cent,  or  more,  an<i  is  chicdly  usetl  vines,  and 

making  mixed  manures.  The  use  as  a  manure  is  becoming  less. 

Wool,  Shoddy,  Rag's,  etc.  --'riu^st^  art^  not  suitable  mamircs  for  oidinury 
farming,  but  are  ustTul  for  crops  .such  as  hops  and  grapes.  Wool,  when  «lry, 
often  contains  16-17  cent,  nitrogtag  and  as  shoddy  13  pei  cent.  'The  wotd 
in  shoddy  is  finely  broken  up  by  mechanic^al  means. 

The.se  products  are  useful  if  (»l>tained  cheap  ;  tlu*  value  in  diminished  if  tbrv  ctnitain  oil  and  dut. 
Sulphuric  ackl  is  sometimes  mixed  with  shtHidy  form  a  manure  (English  katent,  24,047, 

Hair  and  feathers  form  a  fertiliser  of  similar  eompjsition  m  the  abnve.  The  ptincipal  pounn 
substance  in  all  these  is  “  Keratin.** 

Skin  and  Leather  Meals.  -•'Fhe  trimmings  and  waste?  leather  woiks 
are  ground  so  as  to  form  a  uutaL  Samples  of  ground  leather  aic  dihiculi  ttr 
obtain,  the  trade  being  a  hidden  one,  and  the  prodtuT  st)kl  untler  tlie  name 
of  ^'Nitrogenous  Fertiliser.*’  'Plie  meal  contains  46  per  cent,  nitrogeti,  anti  is 
little  used  as  a  manure  on  act'ount  of  its  slow  dccomposilion.  Accuirding  to 
English  Patent,  11,644,  1908,  the  residue  from  the  dry  distillatiiin  leadita-  is 
used  as  a  manure. 

Suitable  products  for  manuring  may  f»r  prepared  by  treiuing  Ir.ahrt,  lauii,  ric  ,  willi 

superheated  steam,  sulphuric  acid,  m  Iniih,  and  a  soU'ent  likr  bcn/eite  fm  irmoving  lal  iKoglrdi 
I‘aients,  12,844,  tpio,  aiul  27,20Cg  1911;  also  French  Ikiteni,  447,028,  ton,  and  P.S.  I’ainn, 
1,049,482,  1914). 

Soot  may  contain  up  to  35  per  cent,  ammtmium  sulphatr%  am!  has  he*ni  itimii 
used  for  manurial  purposes.  Hoot  also  exerts  a  meciianu^al  effred  cm  clav  lands. 
In  buying  soot  for  farming,  care  should  he*  taken  In  elaain  chimney  SOOt 
rather  than  shaft  soot,  whieh  only  camtains  a  little  ninegem 

Analysis  of  Soot  (J/ar/*  /.iiwc  Zn/i/vo  lotj,  Vul.  (‘IX.,  p.  4701  : 


Shaft  SmoI, 

(  ‘ljU8nir\' 
Sj  h  4 . 

Nitrogen 

Cl,  20 

0  7J 

Kqual  to  ammuiiitim  sulphaU* 

1.7 

IH.7 

Ash  ^ 

hi  4S 

IH  114 

Mfh%Uire 

17,0 

0, 

Bacterial  Manures.  Many  sucli  manures  luive  la*en  tried  Inun  time  ui  imie, 
but  so  far  have  not  proved  very  satisfactory. 

They  chielly  eon  •UHl  of  pyie  iOiliures  «i|  larfnia  Irmti  ihr  iciduiri  th.ii  ♦«;*  m  mh  ihr  iM.u.ia 
leguminous  plants  (Knghsh  I ku ml,  094,  loai). 

These  bacteria  are  able  te  assimilalr  miregen  rlirert  feuit  ihe  ait,  bui  *.fiU  in  ibr  pir.nsir  .4 
carlron  comfKmnds  (f  VccwiOj/  list  Sepirnibm  loto). 

It  is  still  held  by  une  class  »if  agricuburi  c  ih.u  a»d  tnticul.ift*'ii  i'S  enr  ibe  mI  Uir 

great  problem  of  nmniiring  ba  ceitaiii  eiofr*. 
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is  claimed  that  unit  for  unit  nitrolime  is  equal  in  value  to  sodium  nitrate  or 
ammonium  sulphate,  but  it  is  not  suitable  for  top  dressing,  although  it  does  not 
injure  germination.  It  is  a  good  deal  dependent  upon  the  season  for  its  rapidity 
of  action. 

The  fertility  of  calcium  cyanamide  may  be  increased  by  adding  iron  oxide  (powdered  bog  iron 
ore).  {Journ.  Soc.  Chem.  hid.^  1912,  p.  941.) 

A  stable  “nitrolime”  fertiliser  may  be  made  by  mixing  the  raw  material  with  calcium  nitrate, 
then  drying  and  grinding  the  product  (German  Patent,  252,164,  1909).  A  similar  powder  can  be 
made  by  mixing  with  alkaline  silicates,  etc.,  and  partially  liydrating  (French  Patent,  423,072,  1910). 

According  to  German  Patent,  242,522,  1910,  the  mixing  of  nitrolime,  before  its  application  to 
the  soil,  with  a  colloidal  substance,  or  one  readily  converted  into  the  colloidal  condition  iron 
oxide),  causes  the  transformation  into  urea  to  be  accelerated. 

“Nitrolime’'  in  a  fertiliser  may  be  detected  by  its  odour,  alkaline  reaction,  and 
abundance  of  lime  in  the  ash. 

The  analysis  of  fairly  pure  calcium  cyanamide  is  as  follows  (Rogers  and  Aubert) 

Calcium  cyanamide 
Calcium  carbonate  * 

C'alcium  nitrate 
Slaked  lime  -  -  -  - 

Sodium  cyanamide 
Free  carbon  »  -  . 

Silica,  alumina,  iron  oxide,  etc 

icX).oo 


29. 26 
0.21 
20. 06 

Total  nitrogen 

.-r:  17.01  percent. 

28.*7cS 

10.38 

7.89 

Total  lime 

-  34.73  per  cent. 

Nitrate  nitrogen 

=  3-39  per  cent. 

Cyanamide  nitrogmi 

13.62  per  cent. 

3.42 

Rape  Cakes  and  Meals  (for  manufacture  sec  Martin’s  “  Industrial  Chemistry; 
Organic”  (Oil  Extraction)).— These  contain  about  4-5  per  cent,  nitrogen,  and  a 
little  potash  and  [)hosphatcs.  Rape  cakes  and  Rape  dust  are  gra, dually  decom¬ 
posing  fertilisers,  and  are  specially  suitable  for  potatoes  and  t'orn.  They  are 
prepared  from  rape  seed  which  has  not  been  completely  oil-extracted.  I'he  best 
variety  is  East  Indian  raf)e  cake,  in  which  the  nitrogen  is  as  much  as  6.5  per  cent. 

Rape  Seed  Meal,  on  the  other  hand,  is  produced  by  the  newer  chemical  oil- 
extracting  processes,  and  the  nitrogen  content  is  somewhat  higher  than  in  rape  dust; 
the  price  is,  however,  lower  because  it  takes  longer  time  to  decompose  in  the  soil. 

Castor  Oil  Meals  are  similar  in  character  to  rape  meals,  and  arc  the  residues 
from  the  castor  oil  beans  after  chemical  extraction  of  the  oil.  For  manufacture  sec 
Martin’s  “Industrial  Chemistry:  Organic”  (Oil  Extraction). 

Similar  manures  are  often  made  from  damaged  feeding  cakes,  etc. 

Anat.vsks  of  thksk  Manurks.  (J.  Richardson  Sz  <'o.,  York.) 

^  Oil-Fxtraded. 


I'kist  Indiiui 


Rape  ('akes 

Katie  Seed. 

Castor 

,  Meal. 

Meal. 

Moisture  ..... 

,  10.84 

10.88 

ro.34 

^Organic  matter 

81.14 

72.78 

79.42 

tl’h(xsphr)ric  acid 

2.43 

I.()2 

1.52 

lame  ... 

1.30 

2.(>0 

r.o8 

IMaguesia,  alkalis,  etc. 

2.50 

4.00 

Insoluble  siliceous  mattci 

1.70 

be 

; 

i 

1  4-2S  1 

100.00 

j  roo.oo 

ICX).00 

*  (kmtaining  nitnjgen 

5-32 

5.12 

'  4.66 

Equal  tt)  ammorna  »  -  -  » 

(>.46 

6.21 

5.66 

t  Efjual  to  tribasic  calcium  plmsphate  - 

5' 3 1 

4.  m 

3-32 

Z  Contaiiung  potash  .  -  -  - 

t.42 

1 . 40 
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Blood  Meal  is  a  very  rich  manure,  containing  on  an  avcr;ige  1 1  i  j  per  cent, 
nitrogen  and  0.75  per  cent  phos[)horic  acid,  and  rots  rapidly  in  the  soil.  It  is 
prepared  by  coagulating  blood  from  slaughter-houses,  etc.,  drying  and  grinding  the 
product  The  manufacture  is  carried  on  in  America,  and  also  in  our  own  country, 
the  product  fetching  a  good  price. 

Blood  meal  is  becoming  less  used  as  a  manure,  its  plaee  i'eing  taken  by  ehenueal  in.inuiEes. 
Dried  blood  is  now  mostly  l)Ought  by  manufacturers  and  convertt*d  into  eiutipotuu!  maiiuro.. 

Horn  and  Hoof  Meals.— Scraps  of  horn,  hoof  shavings,  etc*.,  are  ground 
to  form  a  meal ;  sometimes,  however,  they  are  heated  or  treated  with  superheated 
steam  previous  to  grinding. 

The  meal  must  be  finely  ground,  because  born  is  insdlubh"  and  der.ivs  slowlv.  Tbo  product 
very  rich  in  nitrogen,  containing  some  14  per  cent,  or  more,  and  is  chicilv  tised  ((U  vine*.,  rnsrs,  and 
making  mixed  manures.  The  use  as  a  manure  is  becoming,  less. 

"Wool,  Shoddy,  Rag's,  etc.  'd'hense*  are  not  suitable*  manurt*s  firr  ooiin.iry 
farming,  but  are  ust'ful  for  ctrops  suc'h  as  hops  and  grapes.  Wool,  when  dry, 
often  contains  16-17  per  cent,  nitrogen,  and  as  siuaidy  13  pm  ctaU.  Hu*  wool 
in  shoddy  is  finely  broken  up  by  mechanical  mt‘ans. 

These  products  are  useful  if  obtained  cheap  ;  the*  value  1.*^  diminished  it  they  nuUaiit  tij|  and  dirt. 
Sulphuric  acid  is  sometimes  mixed  with  shoddy  to  fi)rm  a  manure  | English  Patent,  ^4.047, 

Hair  an(t  feathers  form  a  fertiliser  of  similar  composition  to  the  above.  I'he  printd|al  ptMimn 
substance  in  all  these  is  “  Keratin.** 


Skin  and  Leather  Meals.  -  “d'hc  trimmings  aiul  waste  from  Itsithcr  wi^rks 
are  ground  .so  as  to  form  a  meal.  Samples  of  ground  leather  ait‘  ilifheulf  10 
obtain,  the  trade  being  a  hidden  one,  and  the  product  sold  uiult^r  the  name 
of  Nitrogenous  Fertiliser.”  'Phe  meal  contains  46  pt^r  cent,  nitrogen,  and  e; 
little  used  as  a  manure  on  account  of  its  slow  dectnuposition.  At'tuu'ding  to 
English  Patent,  11,644,  1908,  the  residiu;  from  the  tlry  distillation  of  leatlitn  is 
used  as  a  manure. 

SuiUhle  products  f(»r  manuring  may  he  prepared  by  treating  i-s-moI,  leather,  luun,  rlt.,  \%iih 
superheuted  steam,  sulphuric  acid,  or  I joiIj,  and  a  'advent  like  hen/me  fot  triutiviug  fat  fKnghsh 
Patents,  12,844,  njun  and  27,2t)b,  1911;  also  French  PatetU,  417,028,  mu,  and  IPS.  Paieiii, 
1,049,482,  1913). 

Soot  may  tamtain  up  to  35  per  cent,  ammonium  sulphate,  ami  lias  bi‘rn  mm'h 
used  for  manurial  purposes.  Hoot  also  exerts  a  mcclKunettl  eOecl  on  tdav  latitls. 
In  buying  .soot  for  farming,  care  should  be  taken  to  obtain  chimney  soot 
rather  than  shaft  soot,  whic*h  only  contains  a  little  nitro|p*n. 

Analysis  of  Soot  /.aw  Aa/rf-vi,  1913,  Xal  CdX.,  p,  ^701  : 


Shafi  S„„i. 

H  ii. 


NitrtJgen 

K<ptal  to  ammonium  failphat? 

Aslt  - 

Moisture 


u.  20 

n  7i 

1.7 

92.48 

P'S,  ^ 

fH,04 

170# 

ff, 

Bacterial  Manures.  Many  sm-!i  manures  luve  bc*en  tiied  iomi  tiim*  lo  iinif*. 
but  so  far  have  nt>t  proved  very  stilisfiictory. 

They  chietly  cmiHtst  of  pine  cultures  of  baetriia  friuu  the  iiodulrs  tli.e  oct  tii  »»ji  ihriMMi.Ml 
leguminous  plants  (English  Patent,  994.  ni*Ji). 

These  bacteria  are  able  lo  asstmilalr  nitrogen  direct  fiMin  ihe  idi,  hiii  «.nh  ifi  Ihe  pir'.emr  *4 
carl>on  comjMmnds  ((7/ew/<<i/  21st  Srpirmber 

It  is  still  held  by  one  class  t»f  agriridnsri  2  .  that  »oil  mocatlaiiMii  mie  t4  llie  'tofuiiMits  <4  !l»r 

great  problem  of  manuring  for  ceriain  ciopt. 
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Nitragiia  is  a  of  luuuni.i  ^uTiinitii*  lu  ihc-  <4  Irguuics.  The  ehief  (tigauisju  is 

/».  radkhYii.  Vmv  e«lt«ie*»  m!  this  laetllu-.  Iiaie  ii*4  been  found  MU'cessful  for  .suit  inoeulutinn. 
It  is  best  t«>  |>i'C|su<’  the  I'ullntr  !n>m  *4«vtn.i!  v.inriir*.  o!  innluh^N,  /.e.,  |trus,  hraiK,  elt*. 

C'ultuifs  of  a/ittuhaelei  .nid  lumi.e*  lui\r  hern  tiird  with  \oinc‘  mu'ccss. 

hhighsh  I’ateiit^  sSi,  and  T.S.  ( inn  h  deal  with  llie  preparation  nf  a 

culture  (»f  ui|.tanistns  that  whil  uu'ira'.e  the  ipowih  ot  imn  h’p^iminou;,  plants. 

Use  of  Waste  Products  for  Making  Manures.  I'his  .should  In*  an  iin» 
ptHtaut  Kottn't*  <d'  htitli  iutro|;«*n^  |)hos|jliatrs,  anti  pidasli,  and  should  rci'eivr  careful 
attention  front  tlte  eluaiiird. 

Many  patents  exist  for  the  uuli-iaUtut  of  w.i.ie  pruniucl*.  lui  making  lertitiseis.  ‘hhe  chief 
English  Eatenls  are  : 

OMU;  !i»n4s,  n^o;  01104,  and  nnf«i7,  nH,,|K4»  0^14;  .!,50i  .uu!  2,5niA,  i<f7; 

and  25,n>S»  into,  using  waste  ffMin  !»irwriirs  and  di  .idln irfi. 

I5',2hei  nmi;  OKpi;  iijMlas^r .  ami  \raM  ;  K,c>SH,  i^m!,  and  K.yyn,  niuH, 

using  cel luhise  wsisfr  prt«itirls  ;  ti-.ing  sawdysf*  etc. 


IV.  rOTAHII  MANTRES 

Potash  in  some  foim  is  almost  indispnisalilr  to  tite  growtli  cif  all  eultivaua! 
<*ro|)S ;  it  is  nefaled  foi  ihr  piodiirlJiifi  of  allmniiiioids,  am!  holps  the  foiination  of 
i'arlmhyilratt’s.  Potash  om  iirs  m  all  paits  *4  the  plant,  and  particularly  in  the 
seeds;  alnnit  one  thinl  of  the  a*!i  ot  plants  i%  K.S  h 

'The  «*f1ert  of  poi.ish  maininin:  vatirs  aitorihii^  tti  ilu^  s<dl ;  lam!  is 

not  UHually  poor  m  potash.  Sandy,  pravt-lh,  chalkv,  :uul  peaty  sinhh  wtdl  as 
reclaimed  fenland  and  moudaiid,  air  ihtr.*-  on  winch  potash  mosi,  hkedy  tir  liave 
a  giKu!  efleet.  'PheM,'  maiiuirs  afr  profifa.hlf\  esptn  ially  for  nieadtiw  grass,  clover, 
to!)ai*c*o,  <*onoil,  ctdfre,  pnlaloes,  Irgiiliirx,  eoin,  »ic. 

Agricultural  Conitimplion  of  Fotaih  in  the  World  *  V-ev  /a«c  /*  i/^/  5,  \  1  I\.,  p.  ^yt, 

n)t  p.  »e*  mI  isuir  |'t><U-.h  d\ai|  |l  Otlr.  h  O-ir^  f|  2  Imii%  pn  rent. 

Mslphsife,  «u  2  |m!o  *4  Kii  prf  o-nf.  >  <'4  p».4i4..h  t-*  xs#*!  I  !  1*4$  -4  purr  puOrdi  : 


•  I  K  <  f|, 


{ I  J  >‘v.  ^  |.<rf 

t*Pi  \,fr'.| 


1  hr  t  liirl 


I»rfi||,i’  1 

1  fiCrd  H|  . 

1-414 '14 

7% 

M.  174 

t  ,4^11 

1  oai‘  r 

7*" 

Six  r‘lrn 

ir,  |T‘ 

am 

1 1 

I  a  ^?s| 

Hi 

Ih 

lif'hpss.ij 

s.  1'  a 

4U 

Efigliiid* 

ft  As.;? 

tm 

Hj:  i  aUad 

th  { m 

lirhiljif 

tJt 

|i«H 

1 1 

hJ-' 

mi 

Sm 

^‘JCl 

OA 

N‘>:  ‘f  WA  i. 

S  ,* 

ii‘j 

1  '4  p^4a"’'IS«I  i 

,  ’Sr  S  ».%•.«  -i 

1  !  ^  ti  s  .  r  \  4 

1  .  i 

The  following  are  the  chief  Potash  Manures 

Kainit  v..;  1 ,  j.  -  1  !»i',  1 .  •.  ill  irowi  Sut'ihimu  and  is  a  <  heap 

in.iriiiir.  It  iraialh  i  ordmo  .  i|  p^o  <^‘0!  pM!.i/4‘isii  siilpli.il*'  frjpnil  In  ii.5 

fif'f  refiL  K  I  h,  i;  |4*i  *  Ui.icim  st  -sd  .  .no!  -|  p'U  »oiil.  roffiifitiii  xall.  Hie 
c'oloiir  IS  whito  frihh'h  f*:  iws  ^  '/  ^  r  ax  |o  flit-  f|iaiiili. 
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Muriate  of  Potash  (potassium  chloride,  KCl,  see  \’(>1.  L,  p.  435)  is  the  must 
concentrated  and  soluble  salt  of  potash,  (‘onsetpiently  it  is  suitable^  for  top  dressini^. 
The  potash  content  varies  according  to  the  purity  of  the  salt,  and  is  usually  50  55 
per  cent. 

Sulphate  of  Potash  (K^SCXj,  ^ec  Vol.  L,  p,  337)  is  not  so  soluble  as  tiie 
chloride,  but  nevertheless  is  an  excellent  manure.  As  generally  sold,  it  is  of  900)5 
per  cent,  purity,  containing  about  48-52  per  cent,  potash. 

Nitrate  of  Potash  (KNCXj,  see  Vol.  L,  p.  433)  is  an  t‘xeellcnt  manure,  bta'ause 
it  contains  both  nitrogen,  as  nitrate,  and  potash.  When  pun*  tlu*  valiu*  is  too  higlt 
to  enable  it  to  be  used  as  a  manure,  but  impure  nitrate  <'au  he  ohtaincal  at  a 
moderate  price.  Tht^  purity  of  such 
nitrate  is  about  95  per  cent.,  and  it 
contains  44  per  cent,  potash  as  well 
as  13  per  cent,  nitrogen  (ecpial  to 
16  per  cent,  ammonia). 

Other  potassium  salts  used  ft»r  manuriiitt 
are  carnallite,  kicserite,  potassium  ph<».s.. 
t>hate,  and  sometimes  chlorate  of  potash. 

V,  MlSC'IxLLANEOUS 
MANURhhS 

Salt  (.sodium  chloride,  NaCl,  \'<»].  I., 
p,  261).— Thi.s  is  useful  for  applying  tt) 
man|]tels,  cabbages,  and  other  crops,  st  >  called 
“broad’’  salt  or  grt)un<I  rock  salt  )>ring 
used  for  the  tairposc.  .Soiled  fish  curing 
salt  contains  a  certain  amount  of  <»il,  and 
is  not  Very  eflcctivt*  ft»r  agricultmal  use. 

It  can  Ik*  obtained  at  a  low  prica*. 

Calcium  or  Lime  Manures  are  used 

on  soils  which  contaitt  little  calcium. 

Quicklime  (see  p.  7K,  also  Vol,  L, 
p.  341)  is  of  great  use  in  oulcr  to  neutialihc 
the  acidity  of  ti>e  s»«»il  whicfi  hinders  the 
growth  of  the  nitrifying  organisms.  Lime 
also  tends  to  improve  the  mechanical  rmr* 

<litron  of  the  st)il,  increasing  its  porosity  and 
general  conditiorr.  Sometimes  slaketf  lirnc 
is  used,  but  this  is  heavier  tharr  quick'  Ido.  I4  -■■■■  hiiriioi  View  «*l  Mrsing  Marbine, 
lime,  and  consecpiently  the  <-artage  is  rtrort  »/##/;  r#.  //,/.» 

expensive. 

Calcium  Carbonate  (sec  }>.  78,  aK«i  Vr»l.  1,,  p,  pp),  I’nimrnt  limestone  has  hem  foimtl  to 
be  better  than  quicklime  on  certain  soils,  especiallv  on  light  ponms  smls.  1  hr  <ost  is  Irss  ilwn 
hme,  but  the  ani«nmt  of  Irme  m  limestone  is  only  56  per  cerrt.  (bound  shells  \m\v  lurit  mnl  as  » 
calcareous  manure. 

(alciurn  carbide  residues  maybe  used  on  the  soil,  accoobng  to  ilvluh  and  S^nd.r,  wiihmt 
iiurm. 

Silicate  Manures.  I’lants  canrrot  assimilate  silit  a  in  the  loim  r4  quart/.  A* » t*r«bfie  to  W  ni 
waU*rgluss  and  ptUassium  silicate  possess  great  p»issibilifirs  as  nsamirrs,  iiarlirnliirh  for*  loottini* 
rruuze  and  cereals  which  ('omain  much  silica.  ’  ** 

VI.  MIXED  MANURES 

Manures  containing  inon*  tliun  one  frriilising  nsgrrdieni  may  hr  matlr  by 

mixing  together  two  or  more  manures  of  a  Kjiecial  rhararter  in  suitable  proportions. 

It  is  very  imppitanl  tu  mix  tin-  f'eitiU-.iiij;  iiutnial'.  ilmmujjtily  iit  r.tilri  in  nl.i.tm  a  luiulmt  i.f 

uniform  composition,  and  consctpienlly  efficient  mining  marliini-v  slmiilfl  !»e  iisrib  I’ltc  14  shoiis 
the  inienor  vsew  of  the  Suiilruotl  Hyrstt  Mixer."  Tht*  mstrhiiir  i-,  tafMblr  *4  mixiiig  !»»  an 
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arcul'iU'v  iKl  u  ui  |H‘i  I'tnU.,  v\i!fi  .in  up  !»>  .px)  li>ns  ut  malciial  pci  day.  There  arc 

manv  nihci  lypc^  nl  luixcrs  i>n  the  maikct. 

Potassic  Superphosphate  miulv  by  camhiniup;  caUnuin  Hiipcrplios- 
phate  aiul  potash  saU%. 

Saltpetre  Superphosphate  like-wiso  nuule  by  mixing  nitre  anti  super 
phtjsphate.  It  is  not  likal  brraust'  free  nitric'  at'id  is  dcvelopiai,  and  this 
corrodes  tlu*  satits  and  rv«ij  causes  them  to  cxitch  tire. 

Artificial  Guanos  are  pn^panal  by  mixing  nitrogenous  and  phosphatic  nuuuires 
Mich  as  ealeium  superfiliosphatt*  and  ammonium  sulphate  in  varying  proportions. 
d1u^  mixturt*  changes  parti)  into  amnunuum  phospfuite  ami  (‘abhum  sulphate, 
and  is  sold  under  tlu*  nurnt*  of  **  nitro-plmsphate  ”  or  sometimes  wrongly  called 
“ammonium  superpliospluite." 

(ViUiin  mamirr-.  Hlumld  tiia  hcmixcnl.  Fm  itc.lancc.  mli'»4iuu'  %li«»uld  ma  lu*  mixed  with  |uuums, 
cic.,  ;mt!  if  mixed  with  xypnpliH'.pli.Ur  <  au  .e%  p.yf  «»!  flir  -aduhlf  phosphate  to  In*  irverlcd, 
altlimigli  then*  no  lo'c.  of  iiiOuip’iL 


VII.  (ll'ANOS 

(a)  Raw  Peruvian  Guano  is  obtained  from  tfie  huge  deposits  of  excreta,  up 
to  too  ft.  thick,  ftom  extinei  as  wril  as  present  da>  birds  at  Hallestas  atui  other 
islands,  and  along  the  Ikuilic  t  oast  of  Fefu. 

The  hittls  .tff*  tiddly  prlttsoo  .Ulil  t’eimsu.iiii'.,  .md  dcpM.ii  joaxM  tulCi  pel  yrat. 

lliese  ditposifs  vary  in  ciiinpiedfitm  ;  some  .ue  lieh  in  nitrogen,  and  otliers  in 
phosphates.  In  general,  wluai  one  constituent  h  present  in  a  largi'  amoimi,  the 
pre^portion  of  the  oiliers  is  i  «im|Mraiivrly  low,  d*!ic*  ammonia  in  guano  varies 
from  about  or  14  pn  c  ml  ,  calciiuii  pluophalc  fiom  20  Uo,  and  potash  1.54 
pci  eenl. 

SHmciiiiif* .  gii.iiiM  *  rtfc  I4rfjdr«'i  «'i  ual?  » lirnis  .u  iiuiniirs,  siu  h  ,1%  .uiimumMsii  xalf'.,  hi 

urdci  |u»j|ii4m  tlrfituts’ prf»|«'if »»!  pin*  plsjirx  iji»l  Thr  piMdiici  rs  -.Htld  iiH  '* 

guano”  I'hr  Ff-iisvi.in  ipiiitio'i  4ir  gi.eholly  hr-jMijyiig  r\|jatofrd,  Uiir  flic  IS'iin cm  t h»\rriimi'nl 
po»pu,c  i»i  liijiil  !!}»'•  Msico.d  mI  iJk'  piLiiiM  .  »  A’.  II. •!  tlritufU  ihr  f»iid'.,  .iiid  hop**  ui  ihi»  w»y  In 
lOSi’icnfMltr  itippu 

Export  of  Peruvian  Guano  in  Tons 

\ ISO  XrM  miM  .  ni,^7K 

M  UxHi  x*.u^  •»  on  I  |,ippfe\.  ,, 

{/p  Ichaboe  Guano  1  •  obnanrd  ifom  lle-  l»  habor  gniup  ot  islands  off  die  south¬ 
west  coast  id  Alii«a.  Ilepical.  id  gtiaia*  aie  foiuird  by  lecefil  biids,  ami  dry 
iialiirally.  The  clrposii  is  liillei'^lrd  afiei  iln*  Imds  tiavr  migrated. 

Idiiilw'*’  1*  s  fsdi  iiffmijri}, 4i .  .te*l  ph^^splt.iti  liuemr*,  .uit|  rMiitp.nrs  wrll  with  lla* 

Prriiteiii  fisr  pier  dss  tdrdU  Ir « » 

f.l  Riddled  Guano.  ntilimii)  nui  giiam*  is  m  a  lumpy  ctindiiioii,  and 
Muilains  sMiiie  sfiiiies,  Riiidlf’it  giLiiui  is  iriade  b)'  leiiioving  the  stones  and 
rtsim  ifig  flic  liiinps  tu  a  pMi%dfa 

St>m«iiiiirs  giLines  ;uc  iiisifni  wiili  ai  iti  in  order  to  obtiiiit  a  prodmi  wlitch  is 
iiifire  soliilife  am!  of  use  loi  i*i|i  tlressmg  dins  is  sokl  as  “dissolved  guanod* 

Xaltifal  ipsiitw*  s  .Inadr.l  .iiitsiifacr  <  ivi*i  iiissltiirs  el  amiie»r*}UitMi4lls, 

i*c»i'4l|%fr  llii*  fttej  |i|ie’i|diatri  41*  9  4  ■ 

Products  obtained  from  Sewage  Sludge,  Town  Refuse,  etc. 

Many  h,nr  hn  n  iii.hIc  Iu  huIim-  hum.ut  ftn  iiiamiring, 
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but  without  very  niiu'h  success  at  present.  Sludge  prodiK'cd  l^y  cc'rtaiu  pruresses 
for  treating  sewage  (see  Vol.  L,  p.  ipi)  is  used  in  phu.es  as  a  auuuire,  and  gives 
very  excellent  results. 

A  manure  sold  as  ‘‘native  guano"  is  prepared  as  follows  by  pressing  sludge  uliieh  is  pma|nnl 
under  a  pressure  of  some  70  lbs.  per  scpiare  foot  into  filter  presses  (see  Martins  “Imluuiial 
Chemistry :  Organird*  pp.  33,  34). 

The  liquid  drips  into  a  channel  underneath  the  press._  Filtration  is  earned  t.n  untd  tlie  hlun 
press  chambers  are  completely  full,  and  no  more  licpiid  drips  Irom  them,  I  he  press  n.  now  <»pc*ned, 
and  the  solid  cakes  removerb 

With  a  press  of  plates  30  in.  srpiare,  and  in.  dee|\  seventy  caktss  wtdgh  a  ton. 

The  cakes  are  next  airulried  and  ground.  I'he  product  is  a  very  exctdlent  ferlinwr,  and  »> 
sold  at  about  I  os.  per  ton. 

The  native  guano  (as  supplied  by  th<‘  Nativt*  (luano  ('o.)  was  toun<i  <m  analysis  to  contani 
the  following  :  Nitrogen  4.59  per  cent,  (etpiivalent  to  5.57  ammonia),  pbosplnuic  t»xi«ie  s' }“'* 
cent,  and  a  little  potash. 

A  patent  drier  for  drying  sewage  sludge,  wet  grain,  et(\,  by  iiu‘auH  of  supei 
heated  steam  is  sui)plied  by  Mt‘ssrs  llhiir,  (  kunpbcli,  hPLcan,  of  (Uasgow. 

There  arc  many  other  m<‘th*»ds  li>r  piepaiini',  miumrrs  jismi  scwaip*  •.bulips  Some  <4  the  rhiet 
Engli.sh  Patents  dealing  with  the  subj(*ct  are”:  io<u  ;  H.'Sqti,  im.sio.  i«h>4,  b\ 

treatment  with  sulphuric  aci«l  ;  ptiJS*  ;  ‘i9,55S,  0)04;  16.307,  lonH;  0,0/3.  loio,  by 

distilling  sliulge ;  7,3SS,  1901  ;  0,  pi7i  looi  ;  ii,/07,  iqoi  ;  H.Oji.  lotjj  ;  i.H.040,  1004;  H,  I47, 
1905;  t3,i<)S,  i<)oS,  by  treating  with  a  preeipilant  sm*h  as  lime  or  cludk  ;  11,471.  totpt  by 
bacterial  treatment. 

Plants  have  been  «lesigned  hu’  utilising  town  irfuse,  sirecM  sweepings,  cic,  clnef  pa?»’nl . 

consist  in  treatment  of  the'  refuse  with  sulpluniciir  nitric  luntK,  or  willi  lieat  or  supeihratrd  slr-.rin. 
{Knglisli  Patents,  11,315,  1905  ;  2Cn«S8(),  1905;  K), 727  ami  10, 7^8,  1907;  and  t  3,8/7,  uilti.) 

Manures  made  from  town  refuse  and  stnvage  are  usually  ptmr  in  lertilising  naistiuiruts,  am! 
must  therefore  be  ust'd  in  huge  (jiiantities.  Under  these  eirmtmstanees  the  eti4  of  eariiage  bi'uuitrs 
a  serious  (*lement  in  deciding  when  and  where  t!u*v  ran  be  eeomuiiiealty  used. 

Seaweed  ermtaius  l  3  per  ('erri.  niltogrn,  3  pet  cent,  potaslr,  and  0.5  per  erut.  pls«i.p!ioin 
acid.  Aet'ording  to  Fnglish  Patent,  27,237,  I9t«‘,  seaue<*«l  is  drit'd  and  poud<rrd,  gelatinofi. 
matter  being  added. 

Farmyard  Manure.  This  1ms  been  used  since  very  early  times.  It  eomasts  *4  ilie  dimg  and 
urine  of  animals  togc'ther  with  litter,  and  contains  t  omploir  mnnisbtrrrnt  for  iln*  planl  as  widl  as 
humus-forming  suhsianee.  .Sm*h  mainiie  contains  on  an  a\etage  0.4  rrilrogen,  «j.3  polasb,  0.13 
phosphoric  oxide,  aiul  o..t5  lime  per  cent. 

1  he  most  important  c'oustituent  1.  tire  nisiogem  This  i .  greater  in  mamne  from  dieep  ami  lio{»e. 
than  fnmr  cattle  atrd  pigs, 

h'armyarti  manure  lost",  part  ot  in,  nttro|p'n  |a .  ammonia,  an«l  also  a.  her  mtro|»enl  wbdr  n  t. 
lying  in  heaps.  Fttorts  have  been  made  to  prf*vent  the  loss  by  julding  stdpluirie  aetd  oi  gjpaini  m 
order  to  frx  the  anrmorria,  but  so  far  Irave  not  provnl  very  ?a!tslactoiy. 


VIH.  TIIK  FKRTILLSKKS  AND  FKKDINCI  SITFFS  Acl‘,  uj* 

(6  Kciw.  VI L»  dmp.  27.) 

Some  of  thr  tdiief  parts  trf  this  At1  tifsaling  with  fertilisers  air  ; 

t,  (i)  **  Every  peisoji  win*  s<'l! .  tor  u  *e  as  a  feritliser  of  the  soil,  atiy  aru*!r  wbi*lt  ha*  !»•  *11 
subjected  tt»  arry  aitihcial  proerss  m  itir  Ibnieil  Kmiylom,  or  wbii'b  has  breii  impoOnl  hotn  abio.id, 
.shall  give  t<r  the  purr'hasrr  an  invoi* ‘tating,  the  name  of  the  arli^  le,  and  what  are  the  r»opr«.  n\e 
pcrcenUiges  (il  any)  of  idirogrn.  sohiblr  pbospbairs,  iimolubb*  pitospharrs,  and  pttiash  toniainesl  m 
the  iirtiebs  and  the  in\ oil  r  shall  liavr  rffr«  t  as  a  warranH  by  the  sellrf  iltai  the  a»  fual  prrcriilaims 
do  not  diflcT  from  tho'.r  stated  in  the  imoice  liryMial  the  pr«”'<cr i!»ef|  limits  uf  error.*' 

1.J5)  *' Any  lil.nnrrrnt  by  ihe  seller  uf  the  peifrniagfs  nf  the  cbrnmal  arid  oilirir  ingirdirtsf •» 
contained  in  any  atli<*Ie  smIiI  Pit  n.r  as  a  feiiilt^r  ,4  ihr  stal  .  .  .  matte  afin  the  « Ntnmriit  rmeni  «i| 
this  An  in  an  invoit'e  «»l  such  ailitlr,  m  m  ;ti}|  i  niiilai  or  atHetiisemrni  tlrxenpioe  of  sticli  ;trti»  |r, 
.shall  have  elleri  as  a  warranu  h)  ilie  .rllri.*' 

I.  (6)  “Where  an  arltclr  »M|fl  f»j|  ns^  ,ts  a  Irrldtser  *4  tire  s-uf  .  ,  .  tonsisti  of  two  r»t  iiis»ie 
ingredirnlH  which  have  Ihth  niixrtl  ai  tit’'’  rr«pir'4  of  thr  pun  b.nrr,  it  sh.tll  be  a  nitfln  lenf  <  ompliaiuv 
with  the  pnrvifiituis  of  ibis  srciioii  wrtli  frs|»ri  1  to  peo  eirtages  if  thr  nuoicr*  t  titilaiiis  a  ilaJrmrni  of 
tHacentages  w itli  rrs|irci  to  ifir  several  mgirdiefiis  brfoir  mixfure,  and  a  •Jatrmeni  sbaf  ilir\  h.ue 
Ireeu  mixed  at  lire  rnpiea  of  the  p«ic|.a»rf.” 
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Limits  of  Error  (I'Viiilisns  anti  Fct-tiing  StuHs  Rc*|4ul.iti<nis,  kjooF  The  }Hacrnsa|»e  shnuld 
he  within  t!»e  limits  td  errt)r.  Tints,  if  the  pin »sj>hateN  aie  iu  per  eent.,  llieu  the  .utieh*  slunilti 
enntuin  l<)  21  per  eent.  of  plmsphate.  It  is  (inuhthil  whether  these  limits  aie  sullieicntly  ehistie  tn 
emcr  the  inevittilsle  \ari;ition  of  samples  ami  of  the  tests  iHctl  by  ditfer«*iit  ehrmists. 


I  .1  M!  I  .  n|  |^KU*  ‘K 


Dt-srUIIM  It>N  OF  Ff.K'I  ir  IsKK, 


Sihuhle  Insuluhle 
Ilmspliates.  I’hasphaf es. 


NitlMpytu 


Potash. 


I 

i 


4 


5 

fi 

7 

K 

«) 

tu 

!  I 
li 


PI 

14 


Ifi 


! 


Superphosphates  • 

I)isNc»lvfd  raw  hones  : 

{J)  When  total  pereentageof  plmsphate 
is  42  ttr  snore  per  eent. 

(ii)  It  rseesH  t»l  aetual  pereentaf^e  of 
insoluhle  pliosphate  ovet  tisal 
stated  in  the  isu’oii'e  is  3  m  nunv 
per  eent. 

(/'I  If  rseess  is  In’tween  3  am!  2  pos 

tTSit*  • 

(* )  If  exeess  is  hrturen  2  am!  t  pet 
Cent, 

(/»)  In  all  oihei  eases 
Pour  i'ojjjpounils 

PompoumI  massnres  (other  thasi  hosie 
Compounds,  hut  inelutiinp,  dissolved 
or  rtpialisrd  iptuno) 

(d)  It  tesprelivf  peicriitage  «»f  !ntri»|»en 
and  t»l  phosptuile  stated  do  not 
rseeeil  4  pet  eent. 

(/4  If  Midi  exceed  4  pet  rmt. 

Sulphate  of  atmmtnia 
Nitfatr  of  stula 
i  triHim!  lio»4\  am!  limns 
I  hied  hlood 

Fish  ittiatm  am!  inral  meal 
All  takes  ami  meals  (oihei  than  l»'»r  ami 
meat  meals) 

Citotiiitl  hones  am!  hone  meal 
Ildsit*  s|a|»  and  h.tsic  supeiplio-.pljale 


Slnnhly,  wool  ami  liuir  waste 

Kaiiiit  and  othrt  pof.isli  sails 

(ni  Wlirie  prnrniaite  of  K  t )  i.  ii»-i 
ovrt  I  %  pel  crlil. 

Wlirfr  proenl,4|*e  of  K_.n  rstrrtls 
I  ^  pet  I  rfil. 

Nil  rale  of  polash 

iVtiniaii  and  of  her  iialiual  tmpoilrd 
pitan*  fs 

(til  Wheie  iiraduhle  pli»«sp|ialrs  do  tast 
rxcrril  40  prt  relit, 
l/sj  Wheie  ‘aicli  rxterds  40  |*f’r  *'eni, 

I  }  Where  itir  peirriiiapr  *4  iiiiropni 
s!»i!e<l  dors  nt4  exceed  |  prr  *  elif. 

fa'I  Wlirir  sn*  h  prirenlaiy  1 .  Iiriwren 
I  and  ^  pet  rrni, 

|e|  Wlirfr  sin  li  pertrfiface  i 

|jrf  rriil. 


i 


4 


I 

l 


t 

t 


I  St.  hit  |r  «!t  # 
nn  » trra 
I  sit  is  (*>  I 


I 

t 


I 
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Analysis  of  Manures,  'thh  is  «Mrrietl  mti  m  <  Ufthfig  in  the  Megnlaticiiw  «! 
file  Ikiard  cif  Agrirtiliiirth  tt|oK  (see  itioii*  p.  4^*2). 
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I.  Determination  of  Moisture  (loss  on  drying). 

A  weighed  (|Luintity  of  the  sample  shall  be  dritsl  at  ux»”  (  \ 


II.  Determination  of  Nitrogen. 

The  [ireseuco  or  abseaec  ofiutratts  must  first  be  a-^eet taiiied. 

(A)  Nitrog;en  in  the  Absence  of  Nitrates.  ■  ia)  A  weighed  portion  oi  the  sample  shall  be 
transferred  to  a  Kjeldahl  llask ;  lO  g.  of  potassium  sulpluUe  and  25  r.e.  of  eoiuH'Utiatrd 
sulphuric  acid  shall  l>e  atkled„  and  the  lUisk  heated  until  a  clear,  <adoudess,  or  light  straw 
coloured  liquid  is  obtained.  The  operation  may  he  aeeeleiatcd  by  the  addition  ot  a  small  eiyst.d  ot 
copper  sulphate  or  a  small  globule  of  mercury  to  the  licpiid  in  tlu*  ilask. 

(/;)  The  quantity  of  ammonia  shall  he  deicrmined  by  distillation  into  standard  acid  tdlcr 
liberation  with  alkali,  and  where  mercury  is  used,  v\ith  the  ailditiun  also  ot  sodium  or  potassium 
sulphide  solution. 

(B)  Nitrog’en  when  Nitrates  are  Present,  (.0  .V  wcdghrd  [Hution  ot  the  sample  shall  hr 
transferred  to  a  Kjeldahl  tiask  ;  30  e.c.  of  Ciuicentratrd  sulphuric  .icitl  a«ldeti  (cuutaininp.  I  g. 
of  salicylic  acid),  and  the  tiask  shaken  so  as  to  mix  tin*  cnnttmi »  without  delay.  The  shakini* 
.shall  be  continued  at  intervals  for  ten  minutes,  the  tiask  heinn;  k»’pl  eo»»|,  arid  then  ^  g.  ol 
sodium  thiosulphate  and  10  g.  of  potassium  sulphate  atlded.  llie  tla  .k  slial!  imu  he*  hratoii 
until  the  contents  are  colourless  or  neatly  so.  (‘«ippc‘r  sulpliate  or  meicin\  niav  hr  u  »«-d  a,  alnor 
(H.  (A)W). 

The  quantity  of  ammonia  shall  he  determined  in  cxacilv  the  same  wav  as  alum*  (U.  (A) 

(C)  Nitrog’en  in  the  Form  of  Ammonium  Salts,  —A  wrigluni  portion  shall  t»r  taken  and 
transferred  to  a  flask,  amt  the  ammonia  rleterminrtl  iti  the  way  tieHctihed  in  U.  (A)  (e|. 

(D)  Nitrogen  in  Nitrates  in  the  Absence  of  Ammonium  Salts*  and  of  Organic  Nitrogen. 
-■-I  g.  of  the  .sample  shall  he  placed  in  a  |  litre  Krlenmeyei  flask  with  50  e.c.  uf  watei. 
10  g.  of  reduced  iron  and  20  c.c.  t»f  sulpliuric  acid  t»f  1.35  sp,  gr.  shall  be  iuhhsl,  The  fla  .1 
.shall  now  be  clo.setl  with  a  rubber  stopper  provided  with  a  llristie  funnel,  the  head  td  which  shall 
be  filled  with  glass  beads.  I'he  lic|uid  shall  be  boiled  for  five  minutes,  ami  the  flask  lemoved  foun 
the  flame;  any  liiiuid  whit*h  may  have  aceumulateil  on  the  bead,  shall  Ik*  unscii  buck  info  the 
flask  with  water.  The  sohition  shall  now  be  boiled  foi  three  minutes  nime,  and  tltr  beads  agatti 
w-ashed  with  water.  The  ammonia  shall  then  be  estitnatrd  as  above  (U.  (A)  l^)|. 

In  lire  eases  in  which  iht*  propoition  of  nitrates  is  small,  a  lary.rt  cptautify  <4  the  sample  -.hali 
be  taken. 

(K)  Control  Experiments  in  the  Determination  of  Nitrogen.  1‘be  nmteriah  used  m  any  of 
tlu‘  methmls  desi'ribed  under  this  puiagraph  (H.l  shall  hr*  examined  as  lo  their  freedom  fiiim 
nitrogen  by  means  of  a  conttsd  experiment  <*artird  «nil  undri  similai  conduitum,  wtlli  the  same 
(puuUities  of  reag(‘iits  which  have  l«*en  c’mph*yefi  in  the  actual  analysss.  in  the  rasr  of  f  Af,  i  g,  ut 
pure  sugar  Jreing  used  in  the  place  of  the  weighed  puttmn  ol  the  Humplc,  The  quantify  ot 
standard  acid  used  in  the  eontiul  rxpciimrnt  diall  be  detbaird  from  the  total  i|uantity  ol  atitl 
found  to  have  h(‘en  neutr.dised  in  the  distillation  nf  dir  sample. 


ro.  Determination  of  Phosphates 

(A)  Phosphates  Soluble  in  Water.  In  the  fst.r  of  saprjpho ,p|iairn  rli.-oUrd  Innm.,  am! 

similar  substances,  io  g.  of  die  samfde  shall  !»e  e*niiisi«HUsly  agitated  h.i  liuiiy  m  a 

litre  flask  with  8«k>  c.e.  of  whaler.  'fbe  flask  shall  dirii  he  tdled  up  i**  ihr  maik  and  again 
shaken,  and  the  t*unfi*nts  shall  Ik*  fdterrd,  e.c,  o|  die  idttaf*”  dtal!  be  boiled  uitfi  ol 

com‘cnU’;Ue<!  nitiie  acid,  and  tlie  pho.plmiie  a, 'id  drlrtmiiasl  b>  die  mol) bdair  tiirihod  pm nbrd 
below pn  paragraph  Ilf.  fid.  In  de*  «.ia*  in  whi*  It  the  piopodion.  ♦»!  plio.phafes  ,o|ub|f  in 
water  is  small,  a  larger  ipi.ujiify  of  dir  filii.iN*  pirparrd  as  .d*  we  Ji.dl  be  i.ilni. 

(B)  Phosphates  Soluble  in  the  Prescribed  Ciirk  Atid  Solution  s  1:  *4  ihr  -Himph' 

shall  tie  traiedeii  rd  to  a  iioppro-d  I.nolr  of  alnai!  a  hUf  {o  ,*1  puir  i  n  staili ’.r'd 

eilriit  arid  sliall  hr*  disadu*d  in  w afrr,  die  \ oltitnr  dial!  be  m.nlr  up  !m  y***  i  ,  .md  die  .Mlnimti 
Khali  fie  added  to  the  weighed  ample  m  dir  l.olflr,  To  Ir.irn’fie-  pT.4bdiH  ot  s.tkifig,  de* 
portion  of  the  sample  in  the  bottle  ma)  br  moi.irited  with  ^  lo  >4  medt^lan-d  -.iiiui  or  .if  ■  ih-.l 
liefore  the  citric  aeiti  ‘.obiitMii  i.  adder!;  .md  in  that  r.i -r  ihr  \olnmr  *4  ihr  miu,  .n  id  .  4n!n  o 
shall  !>e  4dv  c'.e,  neaead  of  .r,  Ihr  l.offir  Jsall  4I  Mm  r  !»e  fifird  fna  .haksnp  4i!|oi4!u.,  4s<  I 

shall  be  «*aufio«'Jy  agifiif rd  dmmg  fliiin,  thr  •,m{iiii..|i  .fi.ill  thru  be  lili'-ied  ihiMrigli  i 

large  'Molded  ‘  fdfrt,  d|r  %i,hM|r  of  b.|:tid  bmp,*  p  'Uir.!  .-n  dsr  |apf  t  af  Miit.  r  If  IIM? 
filtrate  shall  be  .igain  pMtii  rd  tin  otiidi  fhr  amr  paper  «  »•  *‘i  dir  tilifa’r-  •.hall  !|t<  n  br  i  b 
and  the  phovpimur  arid  .irdi  i,.,-  drfrtmmed  ilir  molU-dafr  mrtftod  ptr  nbrd  i  ? ;  ir 

paragraph  III.  ilq. 

((’)  Towl  Phosphoric  Acid  \  wnghrbl  p.iUiM,,  *4  igr  u,  5,^  j. 

nccteeary,  the  oiganir  iiq,!!ri  |u-.  drcoord  by  5g.uei  .n,  411  I  tie-  i  p,. 

means,  sftall  be  dissohrd  in  miur,- at  sd  4!vd  i.Milrd,  !|ir  bemg  men*  t  4  .  iim*^  Vab'i 
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The  phosphoric  acid  shall  be  determined  in  an  aliquot  part  of  the  solution  by  the  molybdate  method 
in  paragraph  III.  (D). 

(D)  Molybdate  Method. — To  the  solution,  which  should  preferably  contain  o.  1-0.2  g.  of 
phosphoric  oxide,  obtained  as  above  described  in  paragraphs  III.  (A),  (B),  or  (C),  100-150C.C.  of 
molybdic  acid  solution,  or  an  excess  of  such  a  solution — /.<?.,  more  than  sufficient  to  precipitate  all 
the  phosphoric  oxide  present  in  the  solution— shall  be  added,  and  the  vessel  containing  the  solution 
be  placed  in  a  water  bath  maintained  at  70°  C.  for  fifteen  minutes,  or  until  the  solution  has 
reached  70°  C.  It  shall  then  be  taken  out  of  the  bath  and  allowed  to  cool,  and  the  solution 
filtered,  the  phospho-molybdate  precipitate  being  washed  several  times  by  decantation,  and  finally 
on  the  paper  with  l  per  cent,  nitric  acid  solution.  The  filtrate  and  the  washings  shall  be  mixed 
with  more  molybdic  acid  solution,  and  allowed  to  stand  in  a  warm  place  in  order  to  ascertain  that 
the  whole  of  the  phosphoric  oxide  has  been  precipitated. 

The  phospho-molybdate  precipitate  shall  be  dissolved  in  cold  2  per  cent,  ammonia  solution, 
prepared  as  described  below,  and  about  100  c.c.  of  the  ammonia  solution  shall  be  used  for  the 
solution  and  washings-  15-20  c.c.  of  magnesia  mixture,  prepared  as  described  below,  or  an 
excess  of  such  mixture — z.£.,  more  than  sufficienr  to  precipitate  all  the  phosphoric  oxide  present 
— shall  be  added  drop  by  drop,  with  constant  stirring.  After  standing  at  least  two  hours  with 
occasional  stirring,  the  precipitate  shall  be  filtered  off,  washed  with  2  per  cent,  ammonia  solution, 
dried,  and  finally  weighed  as  magnesium  pyrophosphate.  The  filtrate  and  washings  shall  be  tested 
by  the  addition  of  more  magnesia  mixture. 

(E)  Preparation  of  Molybdic  Acid  Solution. — 125  g.  of  molybdic  acid  and  100  c.c.  of 
water  shall  be  placed  in  a  litre  flask,  and  the  molybdic  acid  shall  be  dissolved  by  the  addition, 
while  the  flask  is  shaken,  of  300  c.c.  of  8  per  cent,  ammonia  solution,  prepared  as  described  below. 
400  g.  of  ammonium  nitrate  shall  be  added,  the  solution  made  up  to  the  mark  with  water,  and 
the  whole  added  to  i  litre  of  nitric  acid  (sp.  gr.  1.19),  the  solution  maintained  at  about  25°  C.  for 
twenty-four  hours,  and  then  filtered. 

(F)  Preparation  of  Magnesia  Mixture. — nog.  of  crystallised  magnesium  chloride  and  140  g. 
of  ammonium  chloride  shall  be  dissolved  in  1,300  c.c.  of  water.  This  solution  shall  be  mixed 
with  700  c.c.  of  8  per  cent,  ammonia  solution,  and  the  whole  shall  be  allowed  to  stand  for  not  less 
than  three  days,  and  shall  then  be  filtered. 

(G)  Preparation  of  Ammonia  Solutions  .* — 

(i.)  8  per  cent,  ammonia  solution. — One  volume  of  ammonia  solution  of  sp.  gr.  0.880  shall  be 
mixed  with  three  volumes  of  water.  This  solution  shall  then  be  adjusted  by  the  addition  of  strong 
ammonia  or  water  as  required  until  it  has  the  sp.  gr.  of  0.967. 

(ii.)  2  per  cent,  ammonia  solution. — One  volume  of  the  8  per  cent,  ammonia  shall  be  mixed  with 
three  volumes  of  water. 

IV.  Determination  of  Potash : — 

(A)  Muriate  of  Potash  Free  from  Sulphates. — A  w^eighed  portion  of  the  sample  (about  5  g. 
in  the  case  of  a  concentrated  muriate  of  potash,  or  10  g.  in  the  case  of  a  low-grade  muriate)  shall  be 
dissolved  in  water,  the  solution  filtered  (if  necessary)  and  made  up  to  500  c.c.  To  50  c.c.  of  the 
solution,  placed  in  a  porcelain  basin,  a  few  drops  of  hydrochloric  acid  shall  be  added,  and  also 
10-20  c.c.  (according  to  whether  the  portion  weighed  was  5  or  10  g.)  of  a  solution  of  platinum 
chloride  containing  10  g.  of  platinum  per  100  c.c.  After  evaporation  to  a  syrupy  consistency  on 
a  water  bath,  the  contents  of  the  basin  shall  be  allowed  to  cool,  and  shall  then  be  treated  with 
alcohol  of  sp.  gr.  0.864,  being  washed  by  decantation  until  the  alcohol  is  colourless.  The  washings 
shall  then  be  passed  through  a  weighed  or  counterpoised  filter  paper,  on  which  the  precipitate  shall 
be  finally  collected  and  washed  with  alcohol  as  above,  dried  at  100^  C.  and  weighed.  The  precipitate 
is  to  be  regarded  as  KoPtClg. 

(B)  Salts  of  Potash  containing  Sulphates. — A  weighed  portion  of  the  sample  (about  5  g.  in 

the  case  of  a  concentrated  sulphate  of  potash,  or  log.  in  the  case  of  kainit  or  other  low-grade  salts) 

shall  be  boiled  with  20  c.c.  of  hydrochloric  acid  and  300  c.c.  of  water  in  a  ^  litre  flask.  Barium 

chloride  solution  shall  then  be  cautiously  added,  drop  by  drop,  to  the  boiling  solution,  until  the 
sulphuric  acid  is  completely  precipitated.  Any  slight  excess  of  barium  shall  be  removed  by  the 
addition  of  the  least  possible  excess  of  dilute  sulphuric  acid.  The  liquid  (without  filtration)  shall  be 

cooled  and  made  up  to  500  c.c.  A  portion  shall  then  be  filtered,  and  50  c.c.  of  the  filtrate  shall  be 

treated  as  in  paragraph  IV.  (A),  10  or  20  c.c.  of  platinum  chloride,  as  the  case  may  be,  being  used. 

(C)  Potash  in  Guanos  and  Mixed  Fertilisers. — 10  g.  of  the  sample  shall  be  gently  ignited 
in  order  to  char  the  organic  matter,  if  present,  and  shall  be  heated  for  ten  minutes  with  10  c.c.  of 
concentrated  hydrochloric  acid,  and  finally  boiled  with  300  c.c.  of  water.  The  liquid  shall  then  be 
filtered  into  a  ^  litre  flask,  raised  to  boiling  point,  and  a  slight  excess  of  barium  hydrate  added. 
The  contents  of  the  flask  shall  be  cooled  and  made  up  to  500  c.c.  and  filtered.  Of  the  filtrate  250 
c.c.  shall  be  treated  with  ammonia  solution  and  excess  of  ammonium  carbonate  ;  and  then,  while 
boiling,  with  a  little  powdered  ammonium  oxalate,  cooled,  made  up  to  500  c.c.,  and  filtered.  Of  the 
filtrate,  100  c.c.  are  to  be  evaporated  in  a  platinum  dish,  and  the  residue  heated,  first  in  an  air  bath, 
and  then  very  gently  over  a  low  flame,  till  all  ammonium  salts  are  expelled,  the  temperature  being 
kept  below  that  of  low  redness.  The  residue  shall  be  treated  with  hot  water,  filtered  if  necessary, 
and  the  potash  determined  in  the  filtrate  as  in  paragraph  IV.  (A). 
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Forms  of  Certificates. — These  should  contain  the  following  words: — “  The  analysis  was  made 
in  accordance  with  the  Fertilisers  and  Feeding  Stuffs  (Methods  of  Analysis)  Regulations,  1908.” 

Import  and  Export  of  Fertilisers — United  Kingdom,  1912. 


1  1912. 

1911. 

Import  in  tons  : — 

Basic  slag  -  .  .  . 

Bones . 

Guano . 

Sodium  nitrate 

Phosphate  of  lime  - 

49oiO 

41,206 

14,115 

123,580 

520,270 

22,666 

45.883 

34,124 

128,487 

493,415 

Total  -  -  -  . 

748,481 

724,575 

Export  in  tons  :  — 

Ammonium  sulphate 
Superphosphate 

Basic  slag  .  -  .  . 

Sundry  ----- 

286,864 

88,920 

157,074 

133.541 

291,148 

159,463 

195,844 

157,867 

Total  ...  - 

666,399 

804,322 

7'he  writer  is  greatly  obliged  to  Dr  Bernard  Dyer,  ]".I.C.,  for  his  very  kind  advice  and 
suggestions. 
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SliCTION  T.V 

THE  INDUSTRY  OF  ALUMINIUM 
COMPOUNDS 

I>Y  (Jkoffrkn  Martin,  Ph,D.,  D.Sr. 


UrrERATURK 


L.  (F*:siTi\viNi>. . . .  M;uuil;u*luir  id  Almn  :uitl  flu*  Sttlpfuffu  «»{  Almniiui  .muI 

Ji'Riscn.  “  Ttnicrik'sulfat  luts  lUuxiti*.*’ 

Wii’fiiN  the  last  Lw  years  the  iiuIuNtry  of  aluujiiiiiuu  roiujHnuuiu  luu.  uiuf<*ig«n»e  gtt'aU  ehait|»r-.  atul 
devclopfiuents.  First  of  all,  bauxite  at  the  juesent  titue  hasalnuuu  rniiirly  ib>,{t|;uT«i  the  iuliri  i.uv 
materials  used  for  the  maruifacture  id  aluiniuium  eompinmtb*.  See<nully,  tlie  maiutl*uiutr  <«t  at« 
minium  oxide,  Al/).,.  on  the  hiri^e  seale  for  the  fuarudaetuie  id' tnetallit*  ahmuiiitim,  is  ttow  by  Ui  the 
most  important  jiart  of  the  industry,  and  the  alutmna  thus  pri*p.ur<l  hiun  ilu*  hyilr.tte  must  !>r  vm 
pure,  i'he  third  ehan^p*  is  itie  gradual  replaremetit  <d  alutn  in  tin*  tlyeing  mm\  iuhn  inilu**ittr» 
by  aluminium  sulphate  now  tnade  |H»ssible  by  the  matmfaeturr  id  the  lattr*  in  a  high  thnper  ol 
purity  by  means  of  pure  aluminiunt  ltytlri»xide.  Where  the  aluminium  Milplatr  ii  not  rri|uirrti  *»!  4 
high  degree  of  purity  (as  in  paper  manufacture)  the  td»l  melhoils  ate  still  used. 

Manufacture  of  Aluminium  ^  Hydroxide,  Al(Oll)^5^  atu!  Alumina, 
-  Bauxite  is  by  far  tlu*  most  important  .stmnxt  trf  ainminittm  eotn|miuHi%. 
being  richer  than  any  otluT  mineral  in  alumina ;  it  otamrs  in  very  large  quaintulfH 
in  Southern  France,  Dalmatia,  Soutli  America,  Irclanti,  ant!  other  districts  m  wtdl. 

Bauxite  etmslsls  principally  td'  hydrated  ahimitia,  A1.4Dj.2}|./ ),  niiicrd  with  sdiea  and  iron 
hydroxide.  It  eontains  as  a  rule  41  *70  |rer  rent.  Al/C,  i-20  per  cent.  I'e^Dj,  i  an  per  rent.  HdL 
and  TiOo,  ro-20  per  cent,  cortddned  water.  The  following  gives  some  typieal  analyses  ol  bauxite  : 


1 

l. 

! 

2, 

.b  [  4*  ■ 

AUL  » 

I‘e“d,  » 

Tio;,  .  _  ^ 

UmO  (combined) 

2.  Hi 

^  17.47 

YS‘* 

i4.n1 

65.02 
1.14 
1^.08  ; 

upon  I 

70.  pH  1  6H.  ^0 

5.12  i  4.44 

j  ii  ihf  1  tu.40 

1^.50  i  ly.otj 

4I.«H 

J.i 

n.2 

22.  % 

I  4  are  *peeimrfiH 

of  l''re«eh  bauxite.  5 

it  a  sample  of  Irish  !».mxitr. 

Two  main  proctisses  for  wtirking  ihti  Inuixitc  airc  in  use,  vi/.  ^  (t)  The  Dry 

Process;  (2)  The  Wet  Process. 

I.  The  Dry  Process  of  working  the  liauxiii*  is  as  follows:  *rfic*  Irauxne  is 
ground  to  a  fine  powdt*r,  mixta!  witli  calcined  soda  asli,  Na^.CCF,,  am!  ht^aied  in  4 
reverberattay  furnaca*  to  bright  ualness,  eantfully  avtriding  actual  bHion. 

The  amomrt  of  Na./ k  L  •'^ddetl  varir-*  with  the  kitid  of  luuxifr  rmiihtyrd,  satiiple.  n»  li  in  siln  ,t 
having iithled  to  them  somrwh.if  in‘»rr  s^idiutn  e.obon.Ue  than  llionr  |i*»oref  m  llii « ♦  ofraiitimf 

FrUm  1.2-i.H  moln’ules  of  Nai'D|  .ir«*  atldrfl  per  tnoleiule  of  Al/ p,  *0  tli.ii  not  ,»jdy  S'Uie' 

VOL.  IL  4 


so 
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normal  aluminate,  Al(ONa).,  is  produced,  but  also  much  mono-aluminate,  AlO.ONa.  The  addition 
of  more  soda  than  this  favours  the  fusing  of  the  mass,  and  the  CO2,  not  being  con  pletely  expelled, 
causes  decomposition  of  the  soluble  aluminate  in  the  subsequent  lixiviation  processes. 

Jurisch  gives  the  following  working  example ;  285  kilos  of  a  bauxite  containing  60  per  cent. 
AI2O3,  20  per  cent.  FeoOg,  and  17  per  cent.  H2O  were  mixed  with  230  kilos  NaoCOjj  (95  per  cent.) 
and  heated  four  hours,  when  a  greenish  mass  weighing  362  kilos  was  obtained,  which  contained  50 
per  cent,  of  its  AloOjj  in  a  soluble  form. 

There  is  thus  obtained  a  dirty  green  mass  of  sodium  aluminate,  easily  crumbling 
to  a  powder.  This  is  now  rapidly  extracted  with  water,  by  first  grinding  up,  then 
placing  in  a  wooden  vat  provided  with  a  stirring  gear,  and  hot  weak  liquors  from 
previous  extractions  are  first  poured  on,  finishing  up  with  pure  water,  to  which  a 
little  KOH  or  NaOH  has  been  added.  During  the  process  heating  is  carried  out 
by  steam. 

The  soluble  sodium  aluminates  dissolve  in  water,  while  there  remains  behind  in 
insoluble  form  all  the  iron  (so  that  for  this  process  even  iron-rich  bauxites  can  be 
used),  much  silica,  and  some  alumina.^ 

The  process  of  lixiviation  must  be  completed  as  rapidly  as  possible  (five  to  ten  minutes),  for  the 
alkaline  superficial  layers  of  the  liquid  are  decomposed  by  atmospheric  CO2,  depositing  Al(OH)3 
in  a  crystalline  form  as  hydrargyllit.  The  separation  of  Al(OH)3  at  this  stage  means  a  loss  of 
alumina,  as  this  would  go  to  the  insoluble  residues  which  are  filtered  off.  Towards  the  end  of  the 
extraction  some  NaOH  or  KOH  is  added  to  clear  the  liquid. 

The  liquor  thus  obtained  should  be  clear,  and  contain  at  least  170  g.  AI2O3  and  182-190  g.  Na20 
in  the  litre.  From  w'eaker  solutions  AlfOHjs  spontaneously  separates  out  in  a  slimy  condition,  and 
causes  trouble  in  filtering.  It  will  be  noticed  that  this  ratio  corresponds  roughly  to  i  mol.  AkOs- 
1.8  mols.  NagO,  whereas  Al(ONa)3  requires  theoretically  1AI2O3  :  3Na20.  The  reason  is,  however, 
that  much  mono-aluminate,  Al(0H).20Na,  and  dialuminate,  Al(OH)(ONa)2,  is  present  in  the  solution 
in  addition  to  Al(ONa)3.  This  smaller  percentage  of  NaoO  effects  economy,  in  that  less  CO^  is 
required  in  the  final  precipitation  of  the  Al(OH)3. 

The  hot  solution  of  sodium  aluminate  is  rapidly  sent  through  a  filter  press  to 
free  from  any  insoluble  residue,  and  is  then  run  clear  into  cylinders  some  9  or  10  ft. 
high  and  3-4  ft.  in  diameter. .  By  means  of  live  steam  the  temperature  is  kept  at 
5o‘’-6o“  C.,  while  COo  (obtained  from  coke  fires  or  from  lime-kilns)  is  pumped  through 
the  liquid,  and  precipitates  the  alumina  in  a  granular  and  easily  filtrable  condition. 

The  liquor  should  have  a  density  of  35°  Be.  The  reaction  is — 

2Al(ONa)3  +  3CO2  =  2A1(0H)3  +  NaaCOa. 

However,  some  free  NaOH  is  present  in  the  solution,  no  doubt  arising  from  the  decomposition  of 
the  sodium  ferrite,  NaFe02>  by  water,  thus — 

2NaFe02  +  HoO  =  Fe203  -b  2NaOH. 

The. iron  present  is  thus  rendered  insoluble.  No  doubt,  also,  a  simple  hydrolysing  action  of  the 
water  takes  place  thus — 

Al(ONa)3  -f-  3H2O  =  A1(0H)3  -b  3NaOH. 

Al(OH)2(ONa)  -b  HgO  =  Al(OH)3  -b  NaOFI. 

Another  method  of  precipitating  the  Al(OH)3  is  that  described  by  Bayer’s  patent 
(D.R.P.,  43,977;  Chem,  Zeitung^  1888,  1893),  which  consists  in  stirring  into  the 
liquid  crystalline  AUOH^g.  This  causes  all,  or  nearly  all,  the  alumina  in  solution  to 
separate  out  in  a  crystalline  and  very  pure  form. 

The  precipitated  alumina  is  filtered  off,  pressed,  and  washed ;  it  then  contains 
40  per  cent.  AlgOg,  58  per  cent.  H2O,  2  per  cent.  Na2C03,  and  only  traces  of  iron. 
By  careful  washing  it  can  be  further*^ purified. 

The  mother  liquors  from  the  precipitated  alumina,  containing  sodium  carbonate  and  some 
caustic  soda,  are  evaporated  down  and  the  alkali  used  again. 

2.  The  W^et  Process. — A  somewhat  cheaper  method  of  procedure  is  the 
^‘  wet  process,”  introduced  by  Bayer.  The  finely  powdered  bauxite  is  heated 
with  cone.  NaOH  solution  (i  mol.  AI2O3  :  1.3  mols.  NaOH)  under  pressure  in 

1  The  residues,  after  drying  at  ioo‘'  C.,  often  contain  55-56  per  cent.  FegOs,  9-10  per  cent. 
AI2O3,  7-8  per  cent.  SiOa,  5*6  per  cent.  NagO,  3-4  per  cent.  COq,  and  18-20  per  cent.  FlgO.  They 
are  often  sold  to  gas  works  for  purifying  gas  (Lux’s  mass).  The  iron,  in  the  process  of  calcination, 
has  been  converted  into  ferrite,  NaFe02.  This,  when  treated  with  water,  yields  insoluble 

FcoOs  and  NaOH. 
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boilers.  The  mono-aluminate,  Al().(  )Na,  is  prodiu'cd  and  goes  into  snUitinn.  'riif 
solution,  separated  from  the  undissolved  resitiue,  is  now  stirred  I’ontinuallv,  wherehv 
AI(0H).5  separates— AlO.ONa+  H./)  AlO.OH  NaOll.  I'liv  ahniiina  is  fi!toi<*d 
off  and  washed.  The  liquors,  containing  all  tlu‘  NaOH,  art*  eonc'entrated  aiui 
used  again. 

A  very  large  number  of  variations  of  these  two  nu‘th<Kls  liave  been  vvurke<I  tn  buj 

these,  however,  the  reader  sht)uld  consult  the  following  patents;  I'ickanl,  P.  U.!’.,  iK«%442, 

9th  September  1902;  A.  Clem,  1).  R.Ik,  180,554,  of  8th  June  I9i»5  ;  Hall,  H.  K.P., 

of  15th  August  1900;  Levi,  D.R.P.,  174,698,  1904;  Curtins,  I>.R.R.,  175,41(9  ohm;  Ciic%hruu 

Elektron,  D.R.P.,  182,775,  1905;  Rinmann,  D.R.P.,  201,893,  1007. 

In  addition  to  this  precifiitated  alumina  a  certain  amount  of  “ccjlloitial 
alumina”  i.s  used  in  the  textile  and  dye  industries,  being  pnqiartHl  by  <leetnuposing 
aluminium  sulphate  with  excess  of  sodium  carbonate  solution,  the*  precipitate  being 
thoroughly  washed  (see  J.  Broun,  Zei/.  (//c;/;.,  1901,  14,  851), 


Manufacture  of  Alumina  and  Aluminium  Hydroxide 
from  Cryolite 

Cryolite,  AlK,.3N;il'‘,  conluining  tinue  than  half  its  weight  of  fiununr,  ojtiu-,  m  .1  girat 
<le|)0.sit  in  (irccniand,  embedded  in  granite  ou'ks.  I'hr  depoot  extends  inide*  the  %fM  brd,  and  ix 
now  mined  to  the  extent  of  some  IO,ckx)  ions  a  year.  'Phe  bulk  goes  to  the  I'lutrd  Slates,  whnr  a 
large  factory  works  it  up  into  .soda,  sodium  ahtminatc,  and  fluotitir  I'ompoiiml*..  A  smiditi 
factory  also  exists  in  lielgium. 

The  cryolite  is  finely  grtnind,  iittimat<*ly  ttuxt‘<i  with  limestone  01  chalk,  tatdC  and  hratrtl 
in  a  reverberatory  furnace,  wlien  sodium  aluminute  and  raleium  flutjrith'  ate  prodm  ed  tiiir. 

3Ca('0.j  i  AlF;5.3NaF  jCaF. -f  Alft  iNaF  1  I.,. 

The  mass  is  now  extracted  wdih  water,  wheiel)y  the  <  al’l,  i'.  left  behind  in  an  msnUiblr  foim, 
the  sodium  aluminate,  Al(()Na);,,  going  into  solution. 

Thesoluti<»n  of  sodium  ahnnimue  is  tlec'ornposetl  by  means  of  t  ‘tL  as  explained  nmln  Bauxite 

2Al(ONakj  t  3('<F  I  jH.Xt  lAUCHl,;  i  N.n/dp, 

The  NaoCOjj  solutitju  is  evaporated  and  sold  for  Mala,  wliile  the  C'alC  itbai  hints  somr  Siile, 

However,  cryolite  is,  in  general,  tof»  dear  a  mineral  to  make  the  maimfactuie  ed  Al^t  g  by  fins 
method  a  very  profttalde  matter,  anti  most  td  tlir  factories  in  Euiope  winch  forninly  wmkrd 
this  process  have  now  given  it  up. 

The  principal  uses  of  cryolite  are  (t)  the  minuifueiure  t»f  (jpaiptr  milk  glass  ;  (.9  loi  inaiiiifai'infr 
of  enamels  ;  (3)  a.s  a  flux  in  the  manufacture  of  metallic  aUmnninm. 

Germany  in  Kjoq  used  about  l,cxKi  t«ms  of  crytditc. 

Manufacture’ of  alumina  from  aluminium'’^  nitride  by  tin*  Serpek  procetf  n.  laity  disnissrd 
in  thi.s  work,  Vol.  L,  under  Ammonia  from  Nitridei. 

Properties  and  Use  of  Aluminium  Hydroxide,  ntui  Alumina, 

Aip,j.— When  moist,  Al{()H).j  i.s  a  gelatincais  Hulmimw  which  griuhtally  cirics  at 
ordinary  temperatures  to  a  white  powder,  and  when  ignitctl  h  cunvrrtrd  inui 
alumina,  Al,/).^  I'he  substamT  is  insolulrle  in  water,  but  disMiIves  in  diliiir 
NaOH,  KOll,  and  acids.  However,  prolonged  boiling  of  tin*  hnlrate  in  water 
makes  it  insoluble  both  in  acitls  and  alkalis. 

Aluminium  hydroxide  finds  consideraldc  use  as  a  moniant  in  the  dyeitjg  amt 
calico  printing  trades.  When  precipitated  from  solutions  Cdntaining  dyr’s,  it  eithm 
combines  or  otsdiules  the  dyes,  and  fixes  thetti  firmly  in  llie  elntli. 

Prc'cipitated  aluminium  hydrate,  Al(()H).j,  (amiains  ito  ium,  and  otdy  iiacc-s  ui 
SiOo  and  Na.  From  tins  a  vt*ry  pure  iron  free  aluminium  sulphate  is  piodured  bv 
simply  di.ssolving  it  in  sulphurie  aeid  —  2 Al{()H +  .311^, S<  A1  4. 

However,  the  bulk  of  the  alumiiiium  liydroxirle  tlius  firothiretl  is  igrliird,  wlirrrfiv 
it  is  converted  into  anhydrous  alumina^  Al,0,(iAI(()Ii)  Al/J,9  3l|„nhwhmli 
contains,  on  the  average,  98-99  per  cent.  Al./F^,  0.2  per  cent  Nbi/>,  and  le^4S  tlian 
0.2  per  cent,  SiO.j.  This  alumina  is  used  on  tite  large?  sc'ale  feir  the  maitufarturi*  ui 
metallic  aluminium  (.se,c  thi.s  work,  Vol  HI.,  **  MctaK 

The  present  productum  f»f  Uietsdlic  aluuiinliiin  resirbrs  20,C:K«i  tons  aiiiiiially,  41^4  f,,| 
quantity  45,000  tons  of  anhydrous  Al3  t  are  nrcesMiry. 

The  anhydrous  alumina  used  fur  the  miinufaelure  of  mrtalliii  alymiimmi  muM  be  very  piiir 
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free  from  iron,  silica,  and  Na,0.  By  adding  less  than  i  per  cent,  of  aluminium  fluoride  AIF,, 
and  strongly  igniting  so  as  to  volatilise  it,  the  Al20^  can  be  completely  dehydrated  (see  German 
Patent,  165,612,  of  1905). 

Fused  alumina  finds  some  application  as  a  grinding  agent,  being  an 
artificial  corundum  or  emery  (the  basis  of  which  is  alumina).  H.  Gintl  {Zeit. 
Angew.  Chem.,  1901,  1173)  fused  together  in  an  electric  furnace  a  mixture  of 
bauxite  and  coal,  using  100  volts  and  1,000  amperes.  He  thus  obtained  very  hard 
blue  crystals,  utilisable  for  grinding  purposes.  For  other  attempts  to  produce 
grinding  and  polishing  materials,  the  basis  of  which  is  crystalline  alumina,  see  the. 
German  Patents,  85,021,  1894;  96,317,  1895;  97,408,  1897. 

Fused  alumina,  produced  by  the  “  thermite  process,”  has  been  put  on  the  market 
for  polishing,  under  the  name  “Corubin.”  See  also  the  article  on  Polishing 
and  Grinding  Materials,  in  this  volume. 

Another  use  is  its  addition  to  porcelain  or  clay  crucibles  for  rendering  them 
very  fire  resisting  (see  German  Patent,  96,317,  1895).  A  considerable  amount 
of  fused  alumina  is  used  as  a  packing  material  for  acid  towers,  being  introduced 
for  this  purpose  by  Oscar  Guttman  (see  Sulphuric  Acid,  this  work,  VoL  I.). 

Another  curious  application  of  alumina  is  the  manufacture  of  artificial 
rubies  and  sapphires,  which  at  the  present  time  has  become  a  considerable 
industry.  This  is  discussed  in  the  article  on  The  Artificial  Gem  Industry, 
p.  63.  These  hard  artificial  gems  ,  are  used  in  watches,  phonographs,  balances,  and 
other  kinds  of  delicate  mechanism,  where  hard,  unwearable,  smooth  surfaces  are 
necessary. 

Manufacture  of  Aluminium  Sulphate,  Al2(S04)2. 18H2O.-— -The  most 
important  raw  material  for  the  manufacture  of  aluminium  sulphate  is  Bauxite 
(p.  49) ;  it  is,  however,  also  manufactured  from  Kaolin  (china  clay)  and  from 
Cryolite  (see  p.  51). 

Manufacture  from  Bauxite. — The  bauxite  (or  cryolite)  is  calcined  with 
soda  ash  (sodium  carbonate)  as  described  on  p.  49,  the  product  is  lixiviated  with 
water,  and  from  the  solution  of  sodium  aluminate  nearly  pure  aluminium  hydroxide 
is  precipitated  by  CO2  as  described  on  p.  50.  The  process  adopted  when  cryolite 
is  used  as  the  starting  product  is  described  on  p.  51. 

The  filtered  and  washed  Al(OH)3  is  next  mixed  with  sulphuric  acid  of  58^-66“  Be. 
(133°-! 67“  Tw.),  when  heat  is  evolved  and  the  product  dissolves  to  form  aluminium 
sulphate,  Al2(S04)3.i8H20,  thus: — 

2A1(0H),  +  3H2O  =  2Al2(S04),  +  3H0O. 

After  cooling,  the  product  sets  to  a  solid  glass -like  mass,  having  a  porous  struc¬ 
ture  and  containing  about  60  per  cent.  Al2(S04)2. 

The  exact  procedure  difiers  in  different  works.  As  a  rule,  however,  excess  of  acid  is  avoided, 
the  proportion  of  AI2O3  to  HgSOi  being  from  i  :  2.8  or  2.9,  against  i  :  3  as  required  for  the  compound 
AlglSOJ-.  It  is  most  important  that  the  aluminium  hydroxide  and  the  sulphuric  acid  should  be 
alrnost  totally  free  from  iron,  as  the  presence  of  only  traces  of  iron  in  the  resulting  aluminium 
sulphate  greatly  diminishes  its  value  for  certain  technical  purposes.  The  action  which  takes  place 
is  at  first  vigorous,  the  mixture  foaming  and  frothing  up.  However,  as  soon  as  the  process  is- 
completed  this  foaming  action  immediately  ceases.  The  liquid  mass  is  allowed  to  solidify  in  flat 
pans,  some  6  ft.  long,  5  ft.  wide,  and  8  in.  deep.  These  pans  are  covered  with  lead,  and  during 
the  solidifying  process  the  mass  is  often  kept  continually  stirred  with  wooden  shovels,  when  it 
finally  sets  to  a  number  of  lumps,  each  about  the  size  of  a  hen’s  egg.  The  product  is  then  packed 
into  casks. 

In  some  works  the  hot  fluid  mass  is  run  into  leaden  channels,  and  just  before  solidification 
a  number  of  partitions  are  placed  at  intervals  down  the  channel,  so  that  when  the  mass  finally 
sets  a  number  of  equal-sized  blocks,  about  the  size  of  half  a  brick,  are  produced. 

The  product  thus  produced  is  now  often  almost  entirely  iron-free.  It  usually 
contains  a  small  amount  of  sodium  sulphate,  Na2S04  (produced  by  the  action  of  the 
sulphuric  acid  on  a  little  unchanged  sodium  carbonate,  etc.,  contained  in  the  pre¬ 
cipitated  aluminium  hydroxide),  and  also  a  little  free  sulphuric  acid,  so  that  the 
product  has  an  acid  reaction.  The  presence  of  the  sodium  sulphate  does  not,  as  a 
rule,  hinder  in  any  way  the  technical  applications  of  the  aluminium  sulphate.  The 
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acid  reaction  cannot  be  destroyed  by  adding  excess  of  aluminium  hydroxide,  as  the 
excess  does  not  dissolve. 

The  properly  manufactured  product  contains  14.3-14.5  AloO^;  33.7  per  cent.  SO;j ;  0.60  per  cent. 
Na2S04;  under  0.02  per  cent.  Fe203,*  insoluble  residue,  0.5  per  cent.  ;  HoO,  50.68  per  cent,  (see 
Jurisch,  Ckem.  Industrie^  1894,  92)-  This  product  is  so  pure  that  in  general  it  can  be  directly 

used  instead  of  alum  as  a  mordant  in  the  dyeing  and  colour  printing  industry.  In  some  delicate 
dyeing  operations  even  so  small  an  amount  of  iron  as  0.001  per  cent,  exerts  a  deleterious  effect. 
For  sizing  paper,  o.oi  per  cent,  of  iron  is  allowable. 

Where  the  presence  of  iron  does  not  greatly  affect  the  use  of  the  product,  some¬ 
times  aluminium  sulphate  is  manufactured  from  bauxite  by  the  acid  process. 

Here  the  bauxite  is  treated  with  dilute  sulphuric  acid  of  45°-52°  Be.  (or  9o“'-i  12“ 
Tw.)  (stronger  acid  than  this  being  less  effective),  and  the  mixture  is  warmed  by 
means  of  live  steam  until  the  acid  is  neutralised. 

The  previously  calcined  and  finely  ground  bauxite  is  run  through  a  manhole 
into  a  large  cast-iron  boiler,  lined  internally  with  lead  and  stoneware,  which  contains 
the  requisite  amount  of  45°-52°  Be.  (90°-!  12°  Tw.)  sulphuric  acid,  heated  by  indirect 
steam  to  90°-! 00°  C.  A  violent  action  soon  takes  place,  and  the  pressure  inside 
the  boiler  sometimes  rises  to  4  atmos.  After  ten  to  fifteen  minutes  the  action 
is  completed,  and  the  pressure  gradually  sinks.  By  opening  a  valve  the  pressure  is 
reduced  to  atmospheric,  the  manhole  is  opened,  the  pasty  mass  is  diluted  until  a 
concentration  of  29^-3 1°  Be.  is  attained,  and  the  liquid  mass  run  out  into  tall  settling 
tanks,  settled  for  four  days,  and  the  clear  solution  run  off  into  leaden  concentrating 
pans  and  concentrated  until  42°  Be.  is  reached,  when  the  liquid  is  run  into  small 
crystallising  pans  and  is  allowed  to  crystallise.  The  solid  cakes  thus  obtained  are 
subjected  to  a  hydraulic  pressure  of  300  or  more  atmos.  (whereby  iron-containing 
mother  liquors,  etc.,  are  pressed  out),  and  the  hard  white  cakes  of  aluminium  sulphate 
thus  obtained,  containing  less  than  0.05  per  cent,  iron,  are  sold  to  paper  manu¬ 
facturers  for  sizing  purposes. 

The  insoluble  residues  in  the  clearing  tanks  are  technically  nearly  worthless  at  present.  They 
are  washed  with  water  and  then  thrown  away  ;  the  aqueous  washings  are  worked  up  for  alum 
as  described  below. 

The  great  disadvantage  of  the  acid  process  is  the  fact  that  much  iron  is  taken 
up  from  the  bauxite,  so  that  in  general  the  product  can  only  be  used  for  sizing  paper 
and  similar  products,  where  the  presence  of  some  iron,  e.g.^  0.01-0.02  per  cent,  does 
not  matter.  For  dyeing  purposes,  where  even  a  trace  of  iron,  e.g.^  so  little  as  0.00 r 
per  cent.,  often  spoils  the  colour  effect,  it  cannot  be  used,  and  so  the  alkaline 
process  of  manufacture  before  described  is  used  for  preparing  the  pure  product. 

For  example,  one  process  (English  Patent,  5,579,  1881,  Fahlberg  &  Semple)  consists  in  stirring 
into  the  paste  from  the  sulphuric  acid  a  little  lead  peroxide,  PbOo.  The  iron  is  precipitated  as 
Fe203.Pb02.  This  remains  behind  in  the  insoluble  residues  of  the  settling  tank.  The  liquors  are 
then  worked  up  as  previously  described.  Spence  oxidises  the  iron  with  MnOo  (English  Patent, 
3,835,  1882). 

Another  successful  process  is  to  precipitate  the  iron  as  Prussian  Blue.  The  clear  liquor,  as 
it  comes  from  the  settling  tanks,  is  first  titrated  with  permanganate,  and  the  amount  of  ferrous  iron 
in  it  is  exactly  estimated.  Next  the  theoretical  amount  of  bleaching  powder  is  run  in  in  order  to 
just  oxidise  all  the  iron  to  the  ferric  state.  The  excess  of  chlorine  must  be  completely  removed  by 
blowing  air  through  the  liquor.  Next  ferrocyanide  is  run  in  very  carefully  in  the  exact  amount 
necessary  to  precipitate  all  the  iron  present  as  Prussian  blue. 

The  liquid  is  now  carefully  filtered  under  its  own  pressure  through  a  filter  press  provided  with 
the  finest  Nessel  filter  cloths,  which  retain  most  of  the  Prussian  blue.  The  first  portions  of  the 
fluid,  however,  come  through  turbid,  and  the  liquid  is  rendered  perfectly  clear  by  forcing  it  once 
more,  but  now  under  4  atmos.  pressure,  through  a  filter  composed  of  twenty  or  thirty  porous 
plates  of  calcined  magnesia,  mounted  one  behind  the  other  in  an  enamelled  vessel. 

By  reversing  the  direction  of  the  entering  liquid  these  plates  can  be  washed  free  from  the 
clogging  Prussian  blue. 

More  recently  the  liquid  has  been  freed  from  Prussian  blue  by  sending  it  through  centrifugal 
machines  provided  with  very  fine  filtering  cloths. 

The  perfectly  clear  liquid  is  now  concentrated  from  42“-52°  Be.  in  leaden  pans,  and  allowed  to 
solidify  as  above  described.  This  product  contains  only  0.0005  per  cent,  iron  oxide ;  bad  samples 
sometimes  contain  o.oi  per  cent.  Fe203. 

The  separated  Prussian  blue,  after  washing  by  boiling  with  water  and  pressing,  is  converted 
into  ferrocyanide  by  heating  with  alkalis,  and  so  is  used  over  again. 
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Manufacture  of  Aluminium  Sulphate  from  China  Clay 

White  ('hina  ('lay.  AI.4  i  J),  when  im\\  i'ontaiiis  fna  i-cui.  A!  4  ).. 

Treated  wilii  cant*.  H..S( i'j  tin*  Al.,t is  dissolveti  as  A!  4S( )  j  ,  while  tiu'  Si( ),  remains 
behind  insoluble,  dlu*  (iay  is  rtaiiK'ed  to  a  hn«‘  fHovdei  and  ealeiiasi,  wheii  a  loss 
of  weight  of  20  25  per  (*ent.  tasau's,  twviiig  ti>  lt»ss  (»!  water. 

The  caUaned  elay  is  now  treatcsl  in  a  lead  linrd  wtHuhni  vat  with  somewhat  h‘ss 
cone,  sulphuric*  aeid  (cj6  no'  lus )  iti.in  sultiees  lo  dissolve  all  tin*  Al.O,^.  A 

vigorous  ac'tion  takc'S  pku'i',  and  aftei  lifttsm  |o  iwriily  niiimlf’'.  of  eoiuinual  stirring, 
the  mass  is  run  into  lead  lined  wooden  waggeuts  willi  unitovahlf*  side%.  in  whic'h  the 
at'tion  (a)ntituu‘s  for  some  time.  Finally  the  mass  soliilifies,  and  is  llum  leduc'cd  by 
cutting  with  a  Iteavy  knife  to  a  etjurse  pcmaler. 

'rhis  produc'h  known  as  **  alum  cake/’  has  the  .ueiagem  om|  lositton  ;  soluble* 
Al/Xj,  *2*3.5  t  0.100.25  per  cent:  «amilniuai  SO,,  2032  pc*r 

cent, ;  free  0.5  i  per  cent.  ;  inscduble  mallei,  20  27  per  t  mif. 

By  this  prtna'ss  same  iio  |)rr  i-rut.  ot  ihr  A!,.<  h  pe*  «*iii  tfi  ll-*-'  sLu  o  t  >*}svf*i{rtl  inio 

AUSO.V 

White  Sulphate  of  Alumina*’  k  pn^panai  iiom  the  eimlr  “alum  rak«*" 
l)y  lixiviating  the  latter  witli  hot  watc*r  llic*;U(’d  bv  live  steam  1  m  Imid  lined  wcHnlen 
tank.s.  After  stilling,  the  clear  fluid  is  deeanled  inicj  lead  lified  iwapoiators  and 
concentrated  to  a  density  of  112' l*w.  (52'  He.i.  It  is  then  luu  into  a  sriies  O 
.shallow  tiled  troughs,  wiicie  it  solidihrs  Omit  ivsialliiir  mass. 

This  product  etuUains  0.25  ptu  rmil.  I’V.O,  and  14  pri  eenl.  AFO^,  and  is 
largely  used  for  sizing  paptu*  (see  Martinis  “Imiiisfiiai  t  lieiiiisii) :  c  hgaiui 

In  thi’i  prarcss,  <»l  55  prr  ernt.  AlJ  ts  ?*■'*  F"*'  ^  1*^*  cjcstm  .  hriiimi  in  ihr 

scsicluc  uf  Sit )... 

Properties  of  Aluminium  Sulphate.  The  subsiamr  e.  vanmisiy  given  tlie 
ftu-mula  Al,(S()|)^j,  iSlI.I ),  and  A! .fSOA,.,.2CjH  i h  If  eivaallisi^s  m  white,  peaily 
tablets,  ant!  is  very  soluhh*  in  walin’.  On  healing  if  melts  in  it*,  waftu  »if  1  iys|.alii*^a 
lion,  and  tlum  swells  up,  the*  anhyilnnis  salt  only  slowly  ilissolvtrig,  again  in  water 
At  a  red  heat  it  is  dreornposed  into  Al/lj. 

'I’fte  following  hgurt’S  give  the  weight  of  sail  wlist  !i  dissohes  m  r-s  1  pails  HO: 


Trmp<a*ifut«* 

M  '  n- 

ICo' 

('ry\t;Ul!**r<l  ‘hUi 

Sf>  H  S 

1  z?  ?  1  1 

1  1  |2  0 

A«hyt!r»nr>  salt 

0  1  11^ 

i  1 

Xi|  1  ^ 

Tht*  tbilovt,ing 

table  gi\ 

c’s  file  %pe»  it’u 

gtavilao 

ol  siiliilioie*  ol 

aliiiiiiimim 

sulplutte  of  various  stieuglhs 

Per  cent . 

iVi  i’crU. 

h|4  la. 

Prt  *  rlC 

Hp.  c#f.  : 

Aysogj. 

Al,Of  hi,, 

AlsMhh. 

I 

1.017 

tu 

i  017 

M 

1  147 

2 

1 .027 

1 1 

t  It; 

* 

1  i«7  > 

3 

1 .0  47 

12 

i  tij 

21 

1  117 

4 

1.047 

1  t 

1  1  i7 

Ji 

1.227 

1  .fH7 

*  1 

1.117 

il 

s.jg 

n 

0 

1  n; 

34 

1,147 

7 

iai77 

10 

1, 107 

2  % 

l.iS7 

X 

i.fKSy 

17 

1  17: 

4 

1  .t«i7 

iS 

!  IHH 

The  subslanet*  is  inM^ulih*  in  almiliite  aleoliol  and  Itef^  li.HO^,  tie.,  amt  eaii  he 
removed  by  precipitating  the  subsUnce  fuiitt  at|t!i!Oii*i  viliiibn  wiiii  iiiui  li  alcohol 
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Alum,  K.SO.t.Alo(SO.t)o.24H.p.™~"-The  most  important  raw  material  for  tiie 
manufacture  of  aium*^is  Bauxite;  of  lesser  importaiaa^  is  Alunite  (alumstoiu') 
and  Kaolin.  Some  alum  and  aluminium  sulphate  is  also  prodiK'cd  from  Kryolite. 
The  manufacture  from  black  bituminous,  aluminiferous  shale  has  now,  to  a  larg<^ 
extent,  been  given  up. 

Alunite,  Alumstone,  is  the  oldest  known  raw  material  ft)r  tlu‘  manufacture  of 
alum  and  other  aluminium  compounds.  It  is  a  basic  potassium  aluminium  sulphate^ 
of  formula  K(A10).j(S04)o.3Ho0,  and  is  a  volcanic  product,  being  produced  by  the 
combined  action  of  SOo  and  steam  on  lava. 

It  occurs  in  China  (where  an  “alum  mountain,  i.qoo  ft.  higli,  with  a  eiiruinferenee  at  the  luv 
of  lo  miles,”  is  said  to  occur)  (see  U.S.  Cons.  Report,”  IQOJ),  Hungary,  C  Greece,  and  Italy. 

The  best  known  source  is  at  Civita  Vecchia,  in  Italy.  This  has  been  known  and  worknl  lot 
centuries,  and  is  still  worked  at  the  present  time  for  producing  “  Roman  alutn.” 

The  native  alunite  cannot  be  directly  extracted  with  water,  because,  it  consists 
of  a  basic  alum  insoluble  in  water.  It  must  first  be  heated  to  a  high  temperature, 
when  it  loses  its  hydrated  water,  crumbles,  and  becomt's  solubk^  in  water. 

The  method  of  procedure  is  as  follows :  TIu‘  alunite  is  first  caleined  at 
and  then  broken  up  and  exposed  to  the  action  of  the  atmosphere.  the 

mineral  is  extracted  witlt  water,  whereby  alum,  K.,SO.j.  Al..(S()^).j.24l  L,(),  passc's 
solution,  while  unchanged  clay,  alumina,  iron  oxide,  etc.,  nrnuun  belund. 

On  concentrating  the  solution  the  alum  c'rystallises  out  in  cubes.  'This  alum, 
being  almost  entirely  free  from  iron,  was  at  one  time  a  valuable^  prcHluci. 

The  modern  method  of  working  alimitci  for  alum  is  to  trt*:U  tlu‘  ('alcintni  and 
finely  powdered  mineral  with  sulphuric  acid  and  allow  the  solutitm  thus  olitained 
to  crystallise. 

There  first  crystallises  out  alum,  K.jSOj.  AL.(S()j).5.24H.,0,  and  the  uiotluT  liquor** 
from  this,  when  further  concentrated,  yield  a  t'rystaliised  mass  of  aluminium 
sulphate,  AL(S().j).i.  1 811./ ),  which  is  nuudi  mon*  soluble  and  much  more'  difficult 
to  obtain  pure  than  alum. 

Manufacture  of  Alum  from  Bauxite  or  Kaolin.— Aluminium  sulphate 
.solution  is  first  pn'pared  by  treating  tlu^  bauxite  at  kaolin  with  sulpluuT*  acid 
according  to  the  acid  process  described  on  pp.  52  53. 

To  the  concentrated  hot  solution  of  aluminium  sulphate*  there  is  m»w  added 
potassium  sulphate,  and  the  litpiid  is  vigorously  stirraal.  On  c*ooUng,  tlie  nuHlcralely 
soluble  potassium  alum  separates  as  a  fuu*  crystalline  mass  : 

K..S()i4  AySHd,  f  24H..0  K,sS(q.Ays<Ms24UJk 

The  formation  of  large  crystals  k  avtmied  I »y  stirring  <luring  the  |»u.!ei|iiuaiuii.  Large  i'iy*a.t!% 
enclose  mother  li(|uor,  ami  .so  tht'ir  ftsrmation  is  avulded. 

Sometimes  instead  <»f  potassium  sulphate  the  cheaper  potaH*aym  chloride  i'l  used,  the 

following  action  takes  place 

4AL{SOd:,  1  6K('l  -  jAySCqyK.Stq  }  2AILL. 

The  aluminium  chloride  rtmainn  in  HoUuhm,  and  so  k  lust  foi  the  fontuuhm  td  aUuo, 

The  alum  crystals  are  separated  from  tlut  grt‘enish  colouted  ircai  rtaUaining 
mother  litpiors,  and  arc  well  washed  with  water  and  again  disstdvtHi  in  hot  watta 
and  crystallised  therefrom,  after  first  making  a  solution  of  sp.  gr.  1.5 

On  account  of  its  modcratt*  solulrility  in  cold  watttr  alum  can  be  easily  prt*parfn! 
almost  quite  iron-free,  and  so  is  used  for  purposes  where  the  absence  of  iion  is 
necessary. 

Properties  of  Potassium  Alum,  K.^S(>.jAL(H()4y24lI/).«-'--The  hotiy  is 
only  moderately  soluble  in  cold  water  :  100  parts  of  watt‘r  dissolve  - 

Temperature  :  — 

o*' C.  xo‘*  20*  30'*  40‘*  50®  70'  He/  tpf 

KgSOi-AUSO/.j.  2411.40  dissolved  :  . . . 

3.9  9.5  15.1  22.0  31.0  44.1  66.6  90.7  114.5  .1^/4 
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'The  speciilc  gravity  of  tlu‘  aqueous  sohuitai  at  i  7.5  is  : 

Per  cent,  aliuu  •  -  -  4  H 

Specific  gravity  “  -  !.tqS5  oui«J5 

The  atjueoiiH  solution  is  aeid  in  rtsietion,  c!i^^olv!^g  iion  aiu!  /ini*  witli  ovolutiun 
of  hydrogen.  It  boils  at  iii.q'  ( is  insoluble  in  alt'oho! ;  liratrd,  it  uu'lts  in  its 
water  of  crystallisation  at  02.5’  ( *.  :  ignilrd.  it  lost‘s  its  wale!  of  crystallisation  and 
also  sulphuric'  acitl,  and  g(K‘s  into  “  burnt  aluni. ’’ 

I'ht^  ordinary  alum  crystalHscs  in  octalu'dra,  hut  in  a  neutral  solutifm  (to  whidi 
alkali  ('arhonatts  lime,  c'austic  potash,  or  soda  has  been  added)  the  substance 
crystallises  out  below  45'  in  i‘uf>cs.  KxpoMHl  to  i!ic  air,  alum  loses  pait  of  its  wahT 
of  ('rystallisatiotL 

In  the  technical  aimlicuthtu  t»t  ahnit  ilic  i  hrmically  .utivr  paif  is  aniplv  itir  ahiiusniusu  Milpliate, 
AySt  tjfj,  and  so  witmn  iccent  years  the  iiiainilactnfr  of  .tlmtiiniuin  .iilphafr,  Ala"''*  >4^.  !eKH.4>,  lia-, 
taken  place  on  an  increasing  scale. 

Were  it  possi!»!e  to  obtain  alumiiiiiiin  Milphate  iis  piar  as  altiiii,  flirir  is  hnir  ifaibf  that  alum 
would  be  coinpU'iely  displaceti  by  iu 

However,  aluininimn  sulphaic  in  very  M*hiblr  in  WAlvt  fs«4u!4r  in  Us  ‘luii  wriyjii  of  uafrt)  aisd 
crystallises  with  dilhculty,  and  is  dilttcuii  to  tree  Irtitn  non  and  lire  ll.Stq,  cofi%ci|iienilv  ha  all 
Iturposes  where  a  pure  salt  is  necessaiy  alum  is  supei loi  to  rthniunnim  sulpliafe. 

Ammonium  alum,  (NIijLS()j.Al4SClp,..n|H J),  in  parpared  in  a  mamrer 
precisely  similar  to  potassium  alum,  imiidy  ti\  atiding  ammonium  sailphalr  ui  a 
solution  of  aluminium  sulphate. 

Since  amntonium  alum  is  only  vety  sliginly  more  soliibir  m  water  than  potassiiim 
alum,  it  cun  also,  like  this  latter,  he  easily  prepaird  111  ;i  |nirr  Mate  !»y  i  lysiallisation. 

too  parts  of  water  dissolve*: 


IVuiperalure  •  o" 
Ammonium  I 
alum  r  ^ 


10"  *tf  ar* 

ej.t  Pb6  m.3 


14/'  in*' 
.7M  ‘idM  MM 


»}0  ‘ 

thS 

4-M 

Ignited  it  leave.s  a  residue  t*f  purr*  alumina,  Al.Xb,. 

'riu!  crystals  frec|tH*ntly  have  an  ameihyM  liiii  cpossibH  due  to  iraca's  of  iron 
and  chromiuin)^  althutigh  containing  less  tlian  ccooi  pei  rent,  of  iron 

Since  the  intrt‘ductii»n  of  cheap  |»»»ue.‘4um  dihtfiilr  Isoin  Ma-.-aml,  aiimuamim  alum  i*.  im 
longer  manufactmed  to  tlie  xinw  extent  in  h‘ftgLtiitl  ,v.  a  fMfinriU. 

feodium  ahim,  NitySC)^.  AldSCbfi.  J.4tlJ  b  w  abm  piriorrd  on  *1  latgr  oalr.  If  i‘s  inoirr  Holublr 
in  water  than  potahnium  ahim,  and  i%  ai‘»o  ihra|iri.  Ii  e.,  Iioiir^ri,  moir  tlttii*  nil  to  pirrpaip 
pure  than  either  poianxium  or  ammofmim  .thim,  on  atMUifit  of  n%  giriit  x»4»bilsf\,  am  pain*  of 
water  divailvini*  5*  p»at*'  xotlium  alum  at  i'.  4^*1  ofi.ri  .diitn'i,  ttlar'li  air  pfrpurd  on  a 

large  scale,  are  potassium  chrome  alum,  K.Miq.ri  .fSt  tc  ,ifi4  ammeamm  iron  alum, 

(NlhWHystbyiaiian. 

Some  other  Salts  of  Alumina 

Aluminium  acetate,  prr|iDirrd  in  atiyroiis  f‘i»4iiSi**it  !fp4iit}|*  airitiyiiayii}  -ailpliair  fur  liluni) 
solution  with  lead  arrtaie  I  I'bS*  q  *  iiAIA«  p,  *>t  In  ilioiMHmij  |itrriptla!ri| 

aluminium  hydroxide,  AlfCItllj,  in  .treiie  a*  nl,  fiinl-Maifli  r\!rii%ivr  ir.r  4*..  .4  lo-'-ntmi  in  tlyriiig 

and  folmir  priiititii*  niyeloib. 

Aliimimum  chloride,  h  obtaifinl  fnhnn'iilh  4i*3*a4\ipg  pirnpiiairtl  4li}tiiifiiiim 

hydroxide,  Al(<  >llh,  in  HCd.  It  b  lisrtl  lot  w*-.4  f-irr  Murtifti  “  tndii  .ii«l  I  ‘hriin'iliy  ; 

Organic 'h* 

Solid  sodium  alumiimte,  AlCt)Ka)^5,  in  smiinimrs  ^sbiaiiinl  fn  m  I  aisxfte  or  rryoliir,  it%  al«ive 
descrilH’d  (fire  pp,  40,  50,  by  hrating  with  fM»Li  m  liiitstir  r%ifaeiiii|*  wnli  awl 

eenlntling  the  liquid  when  it  h  tibiiiiiird  ns  a  wlitfr,  rnsily  x«4iililr  11*4®%,  |t''i  ‘iMliiiiim  tA  ilrriiiti|»osrd 

by  atmospheric  for  rvm  «in  long  ftinndiiig  bv  geiiqj  a  pirOpiiair  of  AlfOlfq. 

Consciiuenlly,  wlien  ilie  jHiwtler  w  rxptisetl  t*»  an  ffu  any  Itiigih  of  !tf«r.  ii  \tr|t|-.  inilnil 

It  finds  use  as  a  iiioisunt  in  dyeing  and  rlfsih  prinfiniq  iiiwl  in  flir  pfrpaiaintn  *4  erriaifs  |iasnt*i. 
It  is  also  somelimes  used  in  si/ifig  piifwr,  for  ihr  iiuiitiifm  line  »4  aliiiiuisiiitit  straps  fsnirtiiiftite  f»»r 
alum),  for  hiirtlrmiig  plaster  til  Paris  ami  jafinki  slou^  1  «4iip*-'4iio||s,  npi  f.,i  na|i^'i}ifyiiig  fats  iii 
cam  lie  ma  mi  far  In  re. 

Technical  Uses  of  Salts  of  Alumina.— Iimli  aliitii  and  alwiiiiiiiiini  fiidphatc 
find  extciiMvc  use  as  mordants  bir  ami  wi»td.  I1i«'  Mills  iisi'd  fcir  ibis  pm 
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pose  must  be  almost  iron-free— o.o i-o.ooi  per  cent,  of  iron  often  rendering  these 
products  useless  for  such  dyes  as  alizarin,  dliis  high  degree  of  purity  was,  until 
recently,  only  attainable  with  alum,  since  aluminium  sulphate  is  wry  diftieuli  to 
crystallise  and  purify  from  the  iron-containing  motluT  licpiors.  A  still  greater 
quantity  of  alum  (and  still  more  aluminium  sulphate)  is  used  for  sizing  p3.p€r 
(see  Martin’s  “Industrial  Chemistry:  Organic”),  a  mixture  of  resin  soap  (rosin 
partly  dissolved  in  NaOH),  starch,  and  aluminium  sulphate  being  added  to  tlu‘ 
paper  pulp,  and  so  forms  an  adherent  precipitate  of  aluminium  rosenate,  whic  h 
causes  the  fibres  to  adhere  together  and  prevents  ink  sinking  into  the  paper. 

Aluminium  salts  also  find  extensive  use  in  making  cloth  waterproof,  tiH‘ 
method  being  explained  in  Martin’s  “Industrial  ('hemistry:  Organic.”  \\*ochI 
is  made  fireproof  by  impregnating  with  aluminium  sulphattc 

Aluminium  soaps  (made  by  treating  ordinary  soaps  with  aluminium  atagale 
or  sulphate)  find  a  variety  of  uses,  one  of  which  is  tin*  ccmienting  together  of  sand 
stone  to  form  solid  blocks.  The  aluminium  soap  is  sometimes  sold  for  thi:^  purp<^st! 
under  the  name  “  Testalin.” 

Both  alum  and  aluminium  sulphate  are  used  in  tanning  le;ither  (sco 
Martin’s  “Industrial  (liemistry:  Organic”).  Anotlua  use  of  aluminium  sulphate 
is  the  clearage  of  sewage  water.  Water  is  treated  with  this  sub.stan<*(%  togigher  with 
lime-water,  when  a  gelatinous  precipitate  of  aluminium  livdroxide  brings  down 
with  it  any  suspended  organic  matter  (see  Martin’s  “  Industiial  (1irmi?4iy: 
Inorganic,”  Vol.  I.). 


SliCnON  LVI 


THE  ARTIFICIAL  ZI-XILLLL:  OR 

permutitl:  indus'i  io' 

By  (iKi)FKRi<:v  Martin,  rh.l>.,  1).S<\ 


Lri'ICKA'rURK 

K.  Knu),  32.  I<)7;  r//cw.  />///».,  5.!;  /Vv/#., 

L2031. 

Jahn  K.  I'Riufss.  Lamlf.saint,’'  Bcrliu,  loof?,  hhKr  pp.  lyu/n. 

SiRDi.F.R.  —  '^Scventh  Intcrmitkmal  iUnmivsH  of  Applied  (‘hnurdiy,"  Scrfiuu  11.  “  Ijimi 

l^^anic  ('henu.Htry,’’  lortK  p.  2P2. 
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I  HE  zeolites  are  a  lurgi*  class  of  naturally  occurrin|4  hydrated  aluiuinitmi  silicaif, 
containing  alkali  or  alkaline  earth  metals.  A  few  ol  the  mere  imf»oitant  ate 


Natndilc  Ka..(  >.  Al,.(  {Sit  e.-dU  .t  t. 

Nu..(  ).Al.t  )].4Sit  O.ill  .<  ). 

('hahiuiti*  C’.d  PAl.t  tj.aSit  P 

‘^dlbitc  (hO.AlJp.bSaCcdlJ  1. 

They  play  an  important  part  in  .soils,  by  retaining  in  a  r.sulily  solublr  lonii  the 
alkalis  set  free  on  the  weathering  of  felspar.  They  ran  lie  arlirieially  synthesisetl. 

and  within  the  last  few  yt*ars  tliey  have  bceome  of  etatsiiicrahle  industiial  im 
portanee  owinj;  to  R.  (Jans’  discoviaies  that  they  eontain  alkali  <ir  alkaline  i<arth 
metals  which,  wimn  brought  into  contact  witli  variou.s  .soliition.s  of  metallic  salts,  are 

inteichanged  for  the  metal  from  the  salt  solution,  tlu*  alkali  or  alkaliui*  eatlh  iiHd,al 
in  the  zeolite  itself  going  into  solution  in  the  salt. 

^  nttme  given  to  tlie  artifieially  made  zeolite?  is  Permutite.*’  of  whieli  many 
different  varieties  tfxi.st,  according  to  the  nature  of  the  liases  emnlovtHl  in  tlieii 
manufacture. 

Manufacture.— dim  permutites  are  made  fiy  igniting  togtaimr  diina  day 
(alummium  sihcate.s)  and  (sometimes)  quartz  or  sand  with  the  alkali  earhtmatefi. 
ihc  melt  IS  extracted  with  water,  and  the  residual  permutite  is  ltd't  as  a  gianuhu 
mass  ^  dliis^nuLst  In?  porous  if  a  high  degree  of  reactivity  is  nt‘cessar>  a  ctmdiiiiai 
which  is  attained  by  the  presen<!e  of  potassium  as  one  of  tlie  bases. 


oiirJiY  Indent  174, o()7.  uf  I2thjan.  moq,  tiwiiuladurr-i  l»y  .dlMwtiie  ait 

rimnlY  "  u!”'  from  unomdmusl  alkali,  tu  art  dit  hydratol  silicic  ;esd,  Itmf  is  nnployol  m 

‘•l'l‘»nar,  C  'aC !!,,  Mdutaai  is  addisL  Thr  alkali  is  tl/rtriiy  r. 
cl mngc a  for  he  I  he /csditcs  made  by  this  inuw^s  havr  ihf  fcnaiiilf  of  the  riaitiral  /rofsirs. 

t.aO.Ay  );j.6Si()2  I  611./),  or  CaO.AU  q4Si02  i  HH/ ). 

Batrnt.  iHtstljo*  ol  Xph  l4h.  ipoo.  luamifa.lyics  /cohtw*  hv  ftiasip 
togahtr  3pam  kajjlin,  6j;arts  i»f  quart/,  and  12  parts  (,l  sudium  carinmatr.  Ksi  fv»  of  alkah 
must  he  carefully  uvoideil.  I  here  readc^  Al..<  )-j  {  ioNa,4  )  1  icjSiC  )„ 

In  hiH  later  pattnu,  D.R.  P.,  irxndji.  ofl  nh  ( )c|.  hm.  Hiedel  teplacrs  thr  ...nimm  otrlmmtir 
^  cheaper  sodium  sulphate  and  roal.  On  e^irurimg  with  natn  a  riysCilltnr 
alummo-Hiheate  passes  into  H(»lufion.  ^ 
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In  gcn‘jral,  the  greater  the  percentage  of  sotliuni  t>r  potassimn  pr(‘sent  in  the 
molecule,  tht‘  greater  is  their  <-apacity  of  interchanging  tlieir  bases.  A<-(H)rding  to 
(Ians,  in  general  to  every  i  UKJlecaik*  Al,(  present,  we  must  liave  prc*seiu  i  iuolecule 
Na.,()  or  K.,(>.  'The  <‘heuhcal  formula  of  a  typical  /endite  is  givtm  by  (Jans  as 
AU).,Na.,().2Si().,  +  oH..(). 

T1h*sc  artiticial  ahuniniuiu  silicates  |H»ssrHS  niMpci ti<'%  unh'  Saiml  !«)  a  ynv  luiuutr  dcgian*  in 
similar  nalmal  silicatrs.  l  ius  gccuHai  lH*iui\i<'U!  led  Hi  t  iatis  in  tiir  c«»isc!te.i« m  its. it  in  tlu*  aitilicial 
product  the  siulium  or  {HUassium  au*  ioinrti  to  tlic  sihctai  t!uoU|di  ihc  uirdium  of  aluminium,  wliilr 
in  the  natural  silicates  the  lose  was  attached  in  tlicicaud  wa>,  tlu-  atom-.  hydiogru  hrini*;  icplaccd 
by  the  metals.  'I'hc  giapluc  loiimila  <d  a  sint|ilr  artiticial  aluminium  'ulicale  empintad  loimiila, 
Na..O.AL<  p.iSit  r,.t>lL,<  >,  wouhl  then  be  as  fallows  ; 

(OH), 

Si  OH 

I  O  A1 

{ ^Na 

!  ONa.  dOO 

I  O  Alv 

C)  '’OH 


Si  (oin, 

A  sodium  /ctdite  is  lunv  made  on  a  large*  seale,  and  pul  i»n  tin*  maiket  umler 
th(‘  nanu*  of  “Sodium  Permutile."  It  is  used  eitlier  as  Mielg^  or  is  etmverleti  into 
tdher  penuutites  eamtaining  hasit*  (*ottip(ntents  «>ther  th:m  sodimui  tind  I  lie  uses  to 
whic'h  it  has  hetai  lt‘chnicaily  sulpeetet!  are  as  bdlows  : 

(1)  The  removal  of  calcium  and  magnesium  Mils  from  water.  /*.,*.«  if  it  s-.  desned  to 
lemove  Ou('L  from  water,  the  WMter  i'*  wnl  thtough  a  graiml.tr  l.ory  *4  •.udmiit  |Hamufilr  Mune 
()0  i(x>cm.  higin  when  a  calcium  pcimntite  i*.  formed,  and  MHlhtm  chlmitlr  p4v.r*.  in '-luluiitm,  thun 

NaO.AUK.aSitp  f  Call,  (  ail, AU K  •  /XaOl 
Sinttmu  iKCf’inuritr.’’"  t  aU  uuti  nrmnmir. 

In  ortlcr  to  u-gern’rate  the  fauliuni  pcrmuiile  wlini  r\h.niOed.  a  concrfitialrd  N.it  1  in 

led  ihrtiugh  the  layer  of  pcimulite,  when  the  caUmnn  peiJimlile  iMrmrd  i'»  dreompowd  ,ii*co*iling  to 

the*  c«|UUt!oii 

C  ’at ).  Al,(  >j.  iSit i  iXut  1  Na..«  K  A 1 4  iSd  U  ^  i  \\i  1,. 

t  a*i;un»  pronudir.  Swlimi}  |»rom»in»’. 

'rims  calidum,  magnr%tum,  and  dmilar  siilbi  can  be  rm.ily  irnnnrd  hum  wafrj,  thr  calcimii  or 
magnesium  leplucing  the  soilimn  «»f  die  primutite,  and  ‘ifHliinn  .albi  bring  hotmrd  iii  '.oliilitm,  and 
the  proechs  has  already  attiiined  cuu'sidriable  Irchnti'al  i«i|H»rtaficr  a‘^  a  wain  *»ofirfitng  proersH 
(see  this  work,  V.t|,  L,  under  Waters  See  uhu  H.  OVn,  /ni/#.,  okc;;  Lilhfig  and 

Ik’cker,  ('Irm.  1008,532. 

(2)  Removal  of  sodium  and  potassium  salts  from  water.  For  ihi‘4  piifp}*'.r  the  water  ip 

‘.ent  tlrrtmgh  a  calcium  permutite.  if  it  emlesited  io  irrr  wafer  liom  llir  water  U 

filtered  through  caU'ium  prrinutite,  wlmu  tlie  h»l!«m*nig  ctiaiigi  fakes  pUicr  : 

0aO.AI,O,iSiU.  XaJdO.  Xa  .1  k  Al  .O  ..iSiU,  ■  t  dt  “O,. 

In  ihe  sugar  industry  Ilartto  aiid  Urmiplrr  h.oe  used  a  sinnhii  ni*>frs*i  lor  rleasiiig  the  juice  and 
withdrawing  for  hodiiiin  in  thr  aili  i  cuntatnnl  ihnriig  iiirrrby  altaiiiing  a  brlter  bi*ilr  in 

the  iiitdasHes, 

The  calcium  prrmniite  of  Chiiis  rriituvr^  Irom  the  siigai,  ♦4\riip,  and  iipikissrs  iioi  only  die 
greater  pari  of  the  potash,  but  alwt  much  licMliuitn  by  r^rhunging  fhe-ir  basrs  loi  limi',  The  Itoi 
molasHcs  run  be  filtered  wdthotii  dilution  with  water,  so  iliiit  freoncrfiiratioii  h  avoidejl.  In  onirf 
to  exchangi*  the  potash  for  an  equiviilenl  of  ^oitiiini,  llie  iimliissrs  l%  viil  llirotigh  a  s*«ti«in  prriinitite, 
when  the  potusMum  pcrmuiile  is  formed,  while  the  sodium  takes  its  pkiir  in  sNltiimin  Molaws 
ronnuniiig  only  sodium  are  i^ialed  to  lie  inucb  letter  ihaii  ilio''.r  ^^Inrh  cimiain  eiilirr  pof.issiinn  or 
lime.  See  Siedler,  As.  *//. 

(3)  Removal  of  rnwngancsc  and  iron  from  water.  Fur  ihe  rniiMval  of  iiianganesc  a 
manganese  pernnitife  is  hrsit  miyle  hum  calcium  periiuilitr  am!  ttmtigimcsr  clihiiifir,  ihus;'-— 

C’aO.AU  F.2Sicn  i  MriCt  M««  k  Ak.C  g.  jSil  F  i  CaCl.,. 

('ultiuui  |»rrminifr.  .\li»aga«rs«  MaiigAnese 
tlilofitl#*, 

Next,  the  manganese  radicle  in  the  ntangane^e  pcriiiitnir  »  ronvrrird  iiiio  the  lirpbixiilc  by 
treating  with  Ciilcitim  or  potansiuin  permaiiigamrlr  : 

Mnn.Al,n,.2Sit  F  i  CaCMnChp.;-  C  aU.AIJ  p.^si*  F  s  >ln<k\fR,cp. 
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The  Mn0.Mn207  is  precipitated  on  and  in  the  zeolith  particles,  and  exercises  an  oxidising 
action  on  the  lower  oxides  of  manganese  contained  in  the  water,  being  itself  reduced  to  lower  stages 
of  oxidation.  Owing  to  this  oxidising  action  the  manganese  contents  of  the  water  is  completely 
precipitated  as  MnOo.  For  example,  if  the  manganese  is  present  in  water  as  a  bicarbonate, 
Mn(HCO;{)2,  we  get  the  following  action  taking  place  : — 

2Mn(HCO;5).>  +  MnO.MnoO^  +  CaO.AloO.,.  25100  =  5Mn02  +  2H0O  +  2CO0  +  CaO.  Alo0:;.2Si0o. 

As  soon  as  the  manganese  heptoxide  has  lost  all  its  available  oxygen  its  power  of  removing 
manganese  from  water  is  exhausted.  This  may  be  regenerated  merely  by  retreating  the  permutite 
with  calcium  or  potassium  permanganate.  The  manganese  mud  formed  which  remains  on  the  filter 
increases  its  efficiency. 

Use  is  made  of  their  reactions  in  sterilising  water.  First  of  all,  the  germs  are  killed  by  adding 
to  the  water  some  calcium  or  potassium  permanganate.  Next,  the  sterilised  water  is  filtered  through 
a  manganese  permutite,  whereby  all  the  permanganate  and  other  manganese  salts  are  removed.  See 
this  work,  Vol.  I.,  under  Water. 

The  complete  removal  of  iron  from  water  is  similarly  effected  by  means  of  a  manganese 
permutite.  The  iron  is  removed  completely  from  the  water,  and  this  matter  of  de-ironising  water  is 
the  most  complete  and  efficient  yet  introduced  into  industry. 

The  action  in  removing  the  iron  is  probably  catalytic.  Under  the  influence  of  the  manganese 
heptoxide  and  monoxide  on  the  surface  of  the  zeolite,  the  oxygen  in  the  water  oxidises  the  iron 
completely  and  quantitatively.  It  is  thrown  down  and  retained  as  oxide  by  the  zeolite. 

(4)  Removal  of  free  alkali  from  water. — The  permutites  possess  the  capacity  of  absorbing 
free  alkalis  from  aqueous  solution.  By  treating  the  zeolite  with  weak  acids  the  absorbed  alkali  can 
be  given  up  once  more. 

(5)  Preparation  of  salts  of  different  bases  by  exchangee. — It  is  possible  to  extract  a 
salt  out  of  a  dilute  solution  by  filtering  through  a  suitable  permutite,  and  next,  by  suitable  treatment, 
obtain  it  again  in  a  concentrated  form.  For  example,  by  passing  a  solution  of  potassium  chlorate 
or  perchlorate  through  an  ammonium  permutite,  we  get  formed  ammonium  chlorate  or  ammonium 
perchlorate.  By  filtering  ammonium  carbonate  through  potassium  permutite,  potassium  carbonate 
is  obtained,  and  so  on. 

The  use  of  this  in  recovering  valuable  salts  escaping  in  waste  liquors  from  factories  as  by¬ 
products  will  be  obvious.  It  is  possible  that  this  process  may  have  some  value  in  quantitatively 
determining  the  amount  of  calcium,  etc.,  in  very  dilute  solutions. 

(6)  Precipitation  of  g’old  from  solution. — The  sodium  base  of  sodium  permutite  is  exchanged 
for  ferrous  or  stannous  oxide,  and  the  gold-containing  solution  is  filtered  through  it. 

Gold  from  even  extremely  dilute  solutions  is  precipitated  in  the  zeolitic  mass  as  purple  of 
Cassius. 

The  manufacture  and  use  of  artificial  zeolites  (permutites)  are  protected  by  the 
patents  of  the  firm  of  J.  D.  Riedel,  A.G.,  Berlin. 
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The  following  table  shows  the  composition  of  the  principal  precious  stones  : — 


Element 


Oxides 


Albuminates  • 


Species. 


Diamond 

(Corundum 

Quartz  - 

/  Spinel  - 
I  Chrysober}’! 

Beryl  - 


Silicates 


)  Garnet  - 

Olivene 
Sphene - 
Spogumene  - 
Topaz  - 
Tourmaline  - 

^Zircon  - 

Turquoise 
Pearl  - 
Opal  - 


Variety. 


Composition. 


Carbon. 


{Ruby 
Sapphire  - 
Oriental  ame¬ 
thyst,  etc. 
f  Rock  crystal 
I  -j  Cairngorm 
(  Amethyst  • 

Balas  ruby,  etc. 
/  Alexandrite 
\  Cymophane 
/  Emerald  - 
\  Aquamarine 
(  Pyrope 
I  Hessonite- 
1  Almandine 
I  VDemantoid,  etc. 
(Peridot)  - 

(Kunzite)  - 


/  Hyacinth  - 
fjargoon  - 


AI2O3. 


Si02. 

Magnesium  aluminate,  MgAl204. 
Beryllium  aluminate. 

Beryllium  aluminium  silicate. 

Magnesium  aluminium  silicate 
Calcium  ,,  ,, 

Iron  ,,  ,, 

Calcium  iron  silicate. 

Magnesium  iron  silicate. 

Calcium  titanium  ,, 

Lithium  aluminium  silicate. 
Aluminium  hydroxy-fluo-silicate. 
Alkali-calcium  aluminium  silicate. 

Zirconium  silicate. 

Hydrated  aluminium  phosphate. 
Calcium  carbonate. 

Hydrated  silica. 
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Corundum  and  spinel  are  the  main  gem  stones  which  have  been  produced 
artificially  of  a  size  and  quality  suitable  for  jewellery.  Moissan  has  produced 
microscopic  diamonds  (see  Moissan,  “The  Electric  Furnace,’^  1904),  but  valueless 
as  gems. 

Artificial  turquoises  have  been  made  for  thirty  years  from  aluminium 
phosphate  containing  water  and  a  trace  of  copper  to  give  a  blue  colour  to  the 
product. 

“  Reconstituted  rubies  ”  consist  of  splinters  of  rubies  cemented  together 

by  a  lead-containing  flux. 

Genuine  rubies,  under  the  name  “rubis 
scientifiques,’^  were  made  by  Fremy  in  1891, 
by  heating  to  1,500°  in  a  porous  crucible  a 
mixture  of  pure  precipitated  AI2O3,  with  a  little 
BaFg  (or  CaFg),  KgCOg,  and  2-5  per  cent, 
potassium  bichromate.  The  moist  gases  of  the 
furnace  caused  the  liberation  of  HF,  and  this, 
combined  with  water  vapour,  caused  the  crystal¬ 
lisation  of  the  alumina  into  small  rubies.  How¬ 
ever,  in  1902,  A.  Verneuil,  of  Paris,  made  his 
“rubis  synthetiques,^'  which  have  since  attained 
considerable  importance,  his  factory  producing 
annually  some  5,000,000  carats  of  precious  stones 
(1,000  kg.).  The  main  process  is  briefly  this : — 

Pure  iron-free^ammonium  alum, 

(  NH4)2S04.  AI2SO4. 24HO, 
is  mixed  with  a  little  chrome  alum, 

(NH4)2S04.Cro(S04);>.24H20, 
and  the  whole  precipitated  in  warm  aqueous  solution  by 
means  of  ammonia.  A  mixture  of  Al(OH)jj  and  Cr(OHb 
(2|  per  cent.  CrgOg  gives  the  best  colour)  is  thus  ob¬ 
tained. 

The  product  is  dried  in  the  air,  dehydrated  at  a 
bright  red  heat,  and  then  the  fine  powder' thus  obtained 
is  fused  into  a  coherent  mass  in  a  special  vertically 
placed  reducing  blowpipe  flame,  the  flame  playing  down¬ 
wards  (see  Fig.  i).  Into  this  flame,  from  a  receptacle 
A,  the  fine  powder  is  allowed  to  steadily  fall  in  a  stream 
from  a  platinum  sieve  situated  in  a  widening  of  the 
oxygen  tube.  A  steady  automatic  shaking  of  this  sieve 
by  means  of  a  tapping  hammer,  worked  by  an  electro¬ 
magnet,  ensures  that  a  steady  rain  of  powder  falls  down¬ 
wards  continuously  into  the  flame,  and  cools  as  a  little 
cone  of  fused  pure  alumina  just  below  the  flame.  First 
of  all  a  little  rod  of  fused  alumina  is  formed,  which  later 

Fig.  I. — ^Verneuil’s  Blowpipe  for  assumes  the  form  of  a  drop,  and  finally  acquires  the  form 

Artificial  Rubies  and  Sapphires.  of  an  inverted  bottle.  The  drop  must  finally  be  cautiously 

cooled  (otherwise  it  may  crack),  and  is  then  ground 
down.  It  is  stated  that  it  is  by  no  means  unusual  to  form  true  artificial  rubies  of  some  50-80 
carats  (10  g.)  which,  after  cutting,  form  12  carat  rubies  of  a  fine  red  colour.  The  uncut  stones 
have  a  value  under  one  shilling  a  carat.  The  sp.  gr.  (3.98-4.0),  hardness,  optical  properties, 
etc.,  agree  with  the  natural  rubies. 

Omission  of  the  chromium  leads  to  the  formation  of  “white  sapphires,’^ 
consisting  of  pure  alumina,  AI2O3. 

Other  stones  are  also  made  of  various  colours  and  qualities,  yellow  like  topaz, 
violet,  amethyst,  and  also  blue  like  sapphire.  Since  the  blue  colour  of  the  sapphire 
is  destroyed  by  intense  heat,  the  colouring  is  artificially  imparted  to  these  stones 
by  adding  a  little  cobalt  salt  in  the  presence  of  lime  or  magnesium  (otherwise 
the  cobalt  is  not  dissolved  by  the  alumina),  when  a  blue  spinel  (MgAl204)  is 
formed. 
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True  blue  sapphires  are  made  by  Verneuil  by  adding  0.5  per  cent,  titanium 
dioxide,  Ti02,  and  1.5  per  cent,  magnetic  oxide  of  iron,  analysis  of  the 

resulting  sapphire  gave  AI2O3,  99.84  per  cent. ;  TiO.2,  o.ii-c.13  percent.;  Fe203, 
trace;  sp.  gr.  3-977-4-OI. 

Most  of  the  other  precious  stones  are  either  very  costly  to  produce,  or  else  do  not  possess 
sufficient  value  for  their  artificial  production.  The  Japanese  produce  a  kind  of  artificial  pearl  by 
introducing  a  mother-of-pearl  shape  between  the  shell  and  mantle  of  the  oyster.  The  oyster  deposits 
in  time  a  layer  of  nacre  over  this.  The  mass,  after  removal,  is  backed  with  mother-of-pearl.  A 
real  artificial  pearl  or  opal  has  not  yet  been  made.  Imitation  diamonds,  etc.,  are  made  from 
highly  refractive  lead  or  other  class,  called  “paste,’’  or  “strass.”  (See  this  Vol.,  under  Glass.) 
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pamphlets  issutsl  by  Mesvts 'ria'rmit  Ltd.* 

IIISTORK'AL  AND  TUKORKTIi'A!. 

Ik  one  examines  a  table  of  the  heats  t^f  eomlnistion  of  the  c*lrnienls»  In  whit  It  ilie 
figures  given  refer  in  each  case  to  tin*  same  wi*ight  <if  oxygtm,  it  will  lie  ftnnni  ih.tl 
aluminium  stands  almost  highest.  It  is  evident,  therefore*,  that  it  tnight  to  bo 
possible  to  obtain  a  reduction  of  the  oxides  of  most  <dhcr  elemenis  by  ineiitis  of 
aluminium. 

tCurly  exijerinifni.s  in  ihi.s  firld,  Iniwcvrr,  proved  vtny  nmaUHfaettiry.  ‘fin*  be»lboi**  Tiiliei*,  wltn 
attempted  the  preparation  of  iniuigarn*NC  in  this  way,  did  nui  ‘-anoord  in  gntfini*  ativ  rr.n  Ooti, 
probably  because  they  did  not  heat  their  ingredients  toa  oiffiidentlv  high  lrntpetaitnr\  1  iibrr  r^prii 
menters  found  that  the  reaction  btuweeii  aluminium  and  nH*tallic  oxide-.  ImmI,  pine  mill  rxpfeair 
violence.  L.  Frank  and  otluu's  have  suceeedetl  in  redu«“mg  vauou*,  M\ide  .md  ..iljfi  .  .iii»p  .und-i 
liy  heating  them  with  aluminium  in  the  ordimuy  way:  but  it  is  lu  .1  dr.Mom  made  b|  Dr  Han?i 
Goldschmidt  that  all  the  technologicid  df*velt»pmcmts  <4  the  •.ubje<i  mr  tine. 

Goldschmidt  re(|uired,  for  the  purpt*.%c's  of  amuhet  t‘\perimc*nt.  .t  t|!iaiitif\  m|  pair  .dmommiu 
sulphide,  and  alter  some  unsucct*sslul  alfempt**  ni  po'paie  (Ids  l»v  •«!!}(-(  nHih«»d  ,  .nienipfrti  ibr 
reduction  of  galena  (lead  suljiliide)  by  means  <»!  alummiuni.  I'lir  tip*i iimi*.  ni  tM.iipr  pM^dm 
were  intimately  mixed  together  ami  In’uletl  in  a  furnacfs  A  vixlent  ir.ttfi<»n  iM«*h  pine,  wish  ibr 
generation  of  sidheient  heal  to  lender  the  wht4e  e«,utenl%  of  the  t  im  tide*  tliml,  an»l  i»y  irait|*  a  wnpji! 
of  aluminium  slightly  in  excess  of  that  given  b\  the  ctpiatioii, 

jPb.S  f  2 A!  ALS.  >  jpb, 

aluminium  sulphitle  of  a  very  high  degiee  of  puiity  w,s,s  ttbluined,  1  he  ex»  es  .  *4  abiiitiijinm  -irfilrii 
out  as  a  button  from  the  mass  of  h'ad  (whit'h,  owing  t**  its  density,  -.anb  !«»  ilir  br*iiMm  i.f  iftr 

crucible),  and  removeil  frtmi  it  vaiitius  metallic  impurities  (c.A-t  silvetf. 

*  My  very  best  ilituks  are  tlue  tn  Mchms  'riirimii  Lt<l.  h»i  their  ItminrK".  sn  .iipphmp  mr 
witli  details  concerning  the  various  tec!m« ‘logical  appllraitoits  ttf  “  ilauiidr ’*  fratiion*,,  aia'I  Imi 
4)pportunity  to  examine  their  apparatus  and  meihotlH. 
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Goldschmidt  was  thus  led  to  experiment  on  oxides ;  and  these  experiments 
and  those  of  other  investigators  show  (i)  that  the  reaction  between  aluminium 
and  metallic  oxides  will  not  take  place  until  a  certain  critical  temperature  is 
reached— about  1,050°  C.  in  the  case  of  chromic  oxide;  and  (2)  that  the  reaction 
once  started  generates  sufficient  energy  to  heat  the  mixture  to  a  temperature  (nearly 
3,000“  C.  in  the  case  of  ferric  oxide)  far  above  this  critical  temperature.  It  follows, 
therefore,  that  if  the  reaction  can  be  once  started  at  any  point  in  the  mixture,  it 
will  spread  throughout  the  whole  mass.  The  case  is  quite  analogous  to  that  of  a  ball 
balanced  at  the  top  of  a  hill,  which  may  serve  to  illustrate  the  principle  involved. 
Nothing  happens  so  long  as  sufficient  energy  to  overcome  the  friction  between  the 
surface  of  the  ball  and  the  ground  at  the  top  of  the  hill  is  not  forthcoming ;  but  if 
this  friction  is  once  overcome,  the  ball  will  commence  to  roll  down  the  hill,  and 
will  continue  until  its  journey  is  completed  at  the  bottom.  Goldschmidt  suc¬ 
ceeded  in  producing  reactions  in  the  case  of  mixtures  of  aluminium  and  metallic 
oxides  by  means  of  a  fuse  of  aluminium  and  barium  peroxide  (which  can  be  ignited 
by  a  flaming  vesta),  or  in  some  cases  by  means  of  a  burning  strip  of  magnesium 
ribbon.  The  reaction  can  very  easily  be  carried  out.  All  that  is  necessary  is  to 
make  an  intimate  mixture  of  aluminium  and  the  oxide,  both  in  powder,  in  a  fire¬ 
clay  crucible,  which  may  be  stood  inside  another  crucible  to  avoid  overflowing  of 
the  contents  in  case  the  first  crucible  should  crack.  The  reaction  is  then  started 
by  a  fuse  as  described  above.  It  rapidly  spreads  throughout  the  mass,  the  whole 
contents  of  the  crucible  becoming  liquid,  and  the  metal  sinking  to  the  bottom. 

In  some  cases,  by'  using  a  w^eight  of  metallic  oxide  slightly  in  excess  of  the 
theoretical,  metals  of  a  very  high  degree  of  purity,  free  from  carbon,  may  be 
obtained.  Goldschmidt  succeeded  in  producing  reactions  with  oxides  of  the 
following  metals ; — Chromium,  manganese,  iron,  copper,  titanium,  tungsten, 
molybdenum,  nickel,  cobalt,  zirconium,  vanadium,  niobium,  tantallum,  cerium, 
thorium,  barium,  calcium,  sodium,  potassium,  lead,  and  tin — but  the  pure  metal 
was  not  obtained  in  every  case.  In  some  cases,  however,  such  as  that  of  titanic 
oxide,  in  which  the  product  is  not  the  pure  metal,  it  is  sufficiently  pure  to  serve 
for  the  preparation  of  the  chloride.  Moreover,  by  using  mixtures  of  metallic  oxides, 
alloys  of  desired  composition  can  be  obtained. 

The  reaction  in  the  case  of  ferric  oxide  is  represented  by  the  following 
equation : — 

FeoOa  -f  2AI  =  Aip.  +  2Fe. 

A  mixture  of  ferric  oxide  (or  other  oxide  of  iron)  with  aluminium,  in  the  right 
proportion,  has  very  many  technological  uses,  as  will  appear  hereafter,  and  has  been 
given  the  registered  name  of  “thermit.”  Reactions  similar  to  those  between 
aluminium  and  ferric  oxide  are  classed  as  “thermic  ”  reactions. 

The  reaction  between  aluminium  and  calcium  oxide  (lime)  has  been  specially  studied  by  Weston 
and  Ellis. ^  It  only  occurs  when  the  ingredients  are  heated  in  a  furnace,  and  is  then  by  no  means 
complete.  It  seems,  therefore,  to  differ  from  the  reactions  between  aluminium  and  other  metallic 
oxides  in  being  endothermic,  and  the  authors  conclude  that  calcium  has  greater  affinity  than 
aluminium  for  oxygen.  They  found  that  magnesia  (magnesium  oxide)  was  (juite  unattacke(i  by 
aluminium.  With  alumina  itself,  aluminium  yields  a  blackish-grey  product,  probably  containing 
a  suboxide. 

Aluminium  will  react  with  certain  non-metallic  oxides,  e.g.y  boron  trioxide  and  silica.-  In  the 
former  case  the  product  of  the  reaction  contains  aluminium  boride  and  aluminium  nitride  (the 
nitrogen  coming  from  the  air)  as  well  as  alumina  and  free  boron.  In  the  latter  case  impure  silicor^ 
is  obtained  as  a  crystalline  body  containing  aluminium.  Aluminium  will  also  react  with  charcoal  ; 
in  this  reaction  the  air  seems  to  play  an  important  part,  the  product  containing  aluminium  oxide 
and  nitride,  as  well  as  aluminium  carbide  (AbCO,  together  with  unchanged  aluminium  and  carbon. 

Aluminium  readily  reacts  with  many  metallic  sulphides.  In  the  reaction  with  lead  sulphide 


1  F.  E.  Weston  and  H.  R.  Ellis:  “The  Heats  of  Combustion  of  Aluminium,  Calcium,  and 
Magnesium,”  Transactions  of  the  Faraday  Society^  Vol.  IV.,  1908,  pp.  lyci  et  seq. 

^  F.  E.  Weston  and  H.  R.  Ellis:  “Note  on  the  Action  of  Aluminium  Powder  on  Silica  amf 
Boric  Anhydride,”  Transactions  of  the  Faraday  Society^  Vol.  III.,  1907,  pp.  170  et  seq. 

^  F.  E.  Weston  and  H.  R.  Ellis:  “The  Interaction  of  Aluminium  Powder  and  Carbon,”' 
Transactions  of  the  Faraday  Society,  Vol.  IV.,  1908,  pp.  60  et  seq. 
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already  mentioned,  if  finely  powdered  aluminium  is  used,  sufficient  heat  may  be  generated  to 
volatilise  the  lead  and  produce  explosion.  Goldschmidt,  at  the  time  of  the  announcement  of  his 
discovery,  had  also  succeeded  in  reducing  sulphides  of  the  following  metals  by  means  of  aluminium 
— iron,  cobalt,  nickel,  molybdenum  and  zinc. 

Aluminium  will  also  reduce  phosphates,  sulphates,  and  nitrates,  the  reactions  with  sulphates 
being  more  violent  than  those  with  nitrates. 

"Weston  and  Ellis  have  succeeded  in  bringing  about  the  reaction  between  aluminium  and  sodium 
peroxide  and  aluminium  and  ferric  oxide  in  vacuo^  using  an  electrically  heated  iron  wire  to  start 
the  first  reaction,  and  employing  this  reaction  to  initiate  the  second.^ 

Similar  reactions  in  which  bodies  other  than  aluminium  are  employed  are  also  known.  For 
instance,  F.  M.  Perkin  has  found  that  a  mixture  of  calcium  hydride  (CaHa)  and  cupric  oxide 
in  the  proportion  of  two  molecules  of  the  latter  to  one  of  the  former  can  be  readily  ignited  with  the 
production  of  copper,  lime,  and  steam,  the  temperature,  however,  being  insufficient  to  melt  the 
whole  of  the  copper  produced.  A  mixture  of  antimony  sulphide  with  calcium  hydride  is  also  very 
easy  to  ignite,  the  mixture  swelling  up  as  the  reaction  proceeds  in  a  manner  resembling  that  in 
which  mercury  thiocyanate  (Pharaoh’s  serpents)  behaves  when  ignited.'*^ 

Goldschmidt  has  succeeded  in  bringing  about  the  reduction  of  metallic 
oxides,  etc.,  by  means  of  metallic  calcium.  He  has  found  that  whilst  this  metal 
reacts  with  oxides  in  a  very  violent  manner,  no  regulus  of  metal  is  produced  because 
of  the  limited  fusibility  of  the  calcium  oxide  formed.  He  has  found,  further,  that, 
whereas  negative  results. are  obtained  if  silicon  is  substituted  for  calcium,  a  mixture 
of  calcium  and  silicon  will  react  satisfactorily  with  metallic  oxides,  giving  a  fusible 
slag  of  calcium  silicate.^ 

G.  F.  Jaubert  has  patented  mixtures  which,  on  ignition,  react  “  thermically 
with  the  evolution  of  hydrogen.*^ 


TECHNOLOGICAL  PREPARATION  OF  METALS  AND 
ALLOYS  BY  THE  ^‘GOLDSCHMIDT  REACTION” 

The  preparation  of  metals  and  alloys  by  the  Goldschmidt  reaction  is,  as  already 
mentioned,  an  exceedingly  simple  matter.  All  that  is  necessary  is  to  make  an 
intimate  mixture  of  the  oxide  or  mixture  of  oxides  (in  the  right  proportion)  with 
slightly  less  than  the  theoretical  weight  of  aluminium  powder.  The  mixture  must 
be  dry,  and  is  preferably  heated  before  starting  the  reaction,  which  is  done  by  means 
of  a  fuse,  as  already  described.  After  the  reaction  has  ceased,  the  metal  or  alloy 
will  be -found  at  the  bottom  of  the  crucible  in  which  it  is  carried  out.  One  great 
advantage  of  the  method  is  that  products  can  be  obtained  free  from  carbon.  In 
the  case  of  chromium  and  manganese,  it  is  found  that  the  low  oxides  give  rather 
poor  yields,  whilst  the  high  oxides  act  explosively.  Goldschmidt  and  Weil 
find  that  the  yield  can  be  much  improved,  without  the  reaction  becoming  explosive, 
if  the  lower  oxides  are  used  with  the  addition  of  a  small  amount  of  the  higher  oxides. 

The  following  are  some  of  the  metals  and  alloys  actually  manufactured  by  this 
method,  and  on  the  market  at  present. 

(A)  Metals. 

(i)  Chromium. — “Thermic”  chromium  has  a  purity  of  about  98-99  per  cent. ;  the  impurities 
consist  of  iron  and  silicon.  It  is  a  brittle  metal,  of  melting  point  higher  than  that  of  platinum,  but 
alloying  easily  with  liquid  steel.  It  is  employed  in  the  manufacture  of  steels  with  a  high  chromium 
content,  mainly  crucible- steel  for  the  best  grades  of  high-speed  tool  steel.  It  is  also  used  in 
ordnance  manufacture. 


^  F.  E.  Weston  and  H.  R.  Ellis:  “  Thermic  Reactions  in  Vacuo,”  Transactions  of  the  Faraday 
Society^  Vol.  VL,  1910,  pp.  lOAetseq. 

2  F.  M.  Perkin  and  L.  Pratt:  “Reducing  Action  of  Metallic  Calcium  and  Calcium  Hydride 
upon  Metallic  Oxides,  Sulphides,  and  Plalogen  Salts,”  Transactions  of  the  Faraday  Society^  Vol. 
III.,  1907*  PP-  179  seq. 

English  Patent,  1906,  No.  788. 

^  English  Patent,  1911,  No.  153.  For  further  particulars  seethe  present  writer’s  article  on 
“  Hydrogen”  in  “  Industrial  Gases”  (Crosby  Lockwood,  1916). 
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(2)  Molybdenum.— Thermic”  molybdenum  has  a  purity  of  about  9S-99  per  cent,,  the 
impurities  being  similar  to  those  in  the  case  of  chromium.  It  is  used  for  rendering  steel  specially 
hard,  and  thus  finds  an  application  in  the  manufacture  of  tool  steels.  In  this  property  it  is  said  to 
be  preferable  to  tungsten.  “Thermic”  molybdenum,  being  in  fused  lumps,  does  not  oxidise  in  the 
air  like  the  ordinary  powdered  variety. 

(3)  Manganese.— “  Thermic  ”  manganese  has  a  purity  of  96-97  per  cent.  The  chief  impurities 
are  iron  and  silicon.  It  is  very  brittle,  and  fuses  at  a  lower  temperature  {circa  1,227“  C.)  than 
chromium.  It  is  used  in  the  manufacture  of  very  hard  steel  (12-14  per  cent.  Mn),  which  may  be 
subjected  to  considerable  strain,  and  also  to  alloy  with  other  metals  and  alloys.  It  may  be  added 
in  any  amount  to  zinc-copper  alloys,  whose  strength  and  other  properties  are  thereby  improved.  It 
may,  to  about  2  per  cent. ,  be  added  to  nickel  castings  to  act  as  a  deoxidising  agent,  whereby  the 
density  is  increased,  for  which  purpose  its  use  does  not  occasion  the  deleterious  effects  sometimes  pro¬ 
duced  by  magnesium.  A  very  small  proportion  of  manganese  is  found  to  improve  the  colour  of  German 
silver,  and  is  used  with  advantage  as  a  deoxidising  agent  in  the  case  of  many  other  alloys,  though  it 
should  not  be  employed  with  copper-tin  alloys  containing  more  than  a  very  low  percentage  of  tin. 

(B)  Alloys. 

(1)  Chromium-Molybdenum,  50  per  cent.  Cr,  50  per  cent.  Mo. 

(2)  Chromium-Manganese,  30  per  cent.  Cr,  70  per  cent.  Mn. 

(3)  Chromium-Nickel,  10  per  cent.  Cr,  90  per  cent.  Ni,  and  50  per  cent.  Cr,  50  per  cent.  Ni. 

{4)  Chromium- Copper,  10  per  cent.  Cr. 

The  alloys  of  chromium  with  molybdenum,  manganese,  and  nickel_  are  used  in  the  manufacture 
of  hard  steels.  Those  with  manganese  and  copper  may  be  added  with  advantage  to  copper,  and 
increase  its  elasticity. 

(5)  Molybdenum- Nickel,  75  per  cent.  Mo,  25  per  cent.  Ni. 

(6)  Ferro-Molybdenum,  80  per  cent.  Mo. 

Ferro-molybdenum  may  be  used  in  place  of  molybdenum  in  the  manufacture  of  hard  steel,  and 
the  price  of  the  alloy  is  less  per  weight  of  molybdenum  it  contains  than  that  of  the  pure  metal. 
The  molybdenum-nickel  alloy  is  used  in  the  manufacture  of  saws. 

(7)  Ferro-Titanium,  23-25  per  cent.  Ti,  70-72  per  cent.  Fe,  5  per  cent.  Al. 

This  alloy  is  extensively  used  as  a  cleansing  agent  for  all  classes  of  steel.  The  presence  of  the 
small  proportion  of  aluminium  renders  the  alloy  more  soluble  ;  moreover,  the  aluminium  acts  as  a 
deoxidising  agent,  leaving  the  titanium  free  to  remove  nitrogen,  and  further,  it  produces  a  slag  of 
aluminium  titanate,  which  is  more  easily  fusible  than  either  alumina  or  titanic  oxide.  Steel  treated 
with  this  alloy  is  rendered  tougher  and  denser. 

(8)  Ferro -Vanadium,  35  per  cent.  Va,  1-2  per  cent,  impurity  (Al  and  Si). 

Added  to  mild  steel,  vanadium  in  slight  amount  considerably  increases  its  elasticity.  It  may  also 
be  added  to  iron  castings  to  render  them  tougher. 

(9)  Ferro- Boron,  20-25  per  cent.  Bo. 

This  alloy  added  to  steel  acts  in  a  somewhat  similar  way  to  carbon,  but  it  is  only  infrequently 
employed . 

(10)  Manganese-Copper  (iron-free),  30  per  cent.  Mn. 

(11)  Manganese-Tin  (lead-free),  50  per  cent.  Mn. 

(12)  Manganese-Zinc  (lead-free),  20  per  cent.  Mn. 

(13)  Manganese-Titanium,  30-35  per  cent.  Ti. 

These  manganese  alloys  are  used  in  place  of  pure  manganese  in  the  manufacture  of  non-ferrous 
alloys.  In  the  preparation  of  those  containing  tin  and  zinc,  the  slag  formed  on  the  molten  tin  and 
zinc  must  be  removed  before  adding  the  manganese,  and  the  charge  kept  heated  for  several  hours. 
Manganese-titanium  alloy  is  used  for  removing  oxygen  and  nitrogen  from  copper  alloys. 

In  this  connection  may  be  mentioned  the  use  of  titanium  thermit  ”  in  foundry 
work.  This  preparation  consists  of  ordinary  ‘‘thermit”  containing  a  small  pro¬ 
portion  of  titanium  oxide,  and  is  put  up  in  tins,  through  which  are  drilled  a  couple 
of  holes,  by  means  of  which  the  tin  can  be  fastened  to  a  rod.  As  soon  as  the 
molten  metal  is  run  from  the  furnace  into  the  ladle,  the  tin  of  titanium  “thermit” 
is  plunged  in  and  held  at  the  bottom  until  the  reaction  is  over.  The  slag  rises  to 
the  top,  and  can  thus  be  easily  removed.  The  effect  of  the  treatment  is  to  cleanse 
the  metal  from  impurities,  thus  increasing  its  fluidity,  and  producing  a  finer  and 
closer  grain ;  moreover,  the  sulphur  content  is  reduced. 
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USES  OF  “THERMIT"  AS  A  HEAl'INcS  AGIA\  F 

The  uses  of  “thermit”  as  a  heating  agent  are  tiefine‘ii  by  the  nature  of  tie* 
“thermit”  fire.  As  Goldschmidt  has  pointtai  out,  “thermit  "  provides  us  with  a 
fire  differing  in  certain  important  respects  from  all  otluu*  fires.  In  tin*  first  plact% 
in  the  combustion  of  “thermit,”  neither  is  air  (’onstinual  nor  is  any  gas  evolved,  as 
in  the  case  of  the  combustion  of  wood,  coal,  coal  gas,  pidcluctu' gas,  or  polidl. 
The  most  important  difference,  however,  is  in  the  heat-dcaisity.  'Tlu*  atiual  anunmt 
of  heat  obtainable  from  a  given  weight  of  “thermit”  is  c'onsidt'rably  less  than  that 
obtainable  from  the  same  weight  of  antlirai'ite  ;  ^  hut  in  the  former  <‘ase  the  whole  of 
this  heat  is,  so  to  speak,  obtained  at  once,  sinct!  tlu‘  rcat'tion  betwetur  aluminium 
and  iron  oxide  takes  a  very  small  period  of  tiuuj  from  commeiu'emtnu  to  eompletion, 
even  when  the  weight  of  material  is  very  considt*rablc.  Inde-tai,  in  thr  eombustion 
of  “thermit,”  a  heat^density  is  prochu'ed  not  otherwisr  obtainabhs  the  aeluai 
temperature  being  considerably  abovt‘  that  of  the  ehsirie  furnact\  W'lieie  a 
continuous  heating  effect  ratlier  than  density  of  heat  i%  the  esstauial  drsidcrai um. 
“thermit”  would  bt‘  useless;  thus  it  is  not  suitable  fur  husunotivc'  piupidc*.,  oi 
for  cooking  generally.”  But  where  great  <ic‘nsity  of  lieat  is  re»|uirfHi,  ‘Mheimit  ”  is 
preferable  to  other  Hounass  of  heat,  be(*ause  by  its  aid  one  ean  so  nsidily  pntduis* 
an  enormous  temperature  at  a  monumt  s  notuas 

The  chief  uses  of  “thermit”  as  a  souna^  of  fieat  are  in  the  butt  wtfidine,  of 
pi{)es,  and  for  reheating  sluggish  metal  in  foundry  praetica*. 

For  the  hitter  purpose  the  ‘‘thermit”  i*.  m.uh*  up  in  tiu.,  whieh  aie  ruipl«»\oih  when  a  i. 
(lesirctl  to  rciieut  the  metal  iti  jhe  ladle,  iu  a  similar  tuaimer  In  that  toed  in  thr  <  ase  nf  ijiiimmi 
“thermit.”  Tins  of  “thermit”  may  also  he  plaeed  in  ila*  d  an .  nf  rasting ..  and  .nr  Inmtd 
particularly  useful  in  making  intntsUe  tneuinip,  oi  tlio-.e  that  atc’  Innp  and  naiiou '|o r. .  .Inp/  .inn. 
and  stern  posts).  In  sueli  oises  the  tins  slunild  hr  Imilt  intu  die  mMul.i,,  A  pna  h  *>l  npnimn 
pow'dcr  is  necessary  to  initiate  the  iraetitm  in  tlie  ea  a*  i*f  t*a  .t  iinn,  fan  t.  tau  itnpdted  m  lit*-  «  a  .r 
uf  steel. 

I  he  J»ull -widding  (»(  iron  tu  sirel  pipes'*  is  ac*ri»jnpli‘*hrd  m  tlie  t»iU»  tw  mg  maimri  :  Ida*  rod  « 
of  the  pipes  tt)J)e  welded  togethei  are  sutroimded  hy  a  -antaldr  imudd,  mt/t  ulmli  the 
of  the  “thermit”  reaetiun  are  pnured.  Welding  temperatme  heistg  reai  lied,  the  dir  pipe, 

are  {iressecHogether  by  means  of  serews  plaec-d  in  po'dtiun  beforehand.  Ion  pipe .  no!  r\»  ertling 
I  in.  in  thickness,  s[)eeial  casldion  moulds  widt  hamlle.  lui\e  Ihtii  tle-agnrth  and  ean  he  ir»rd  »aef 
and  ov'cr  again  ;  hui  for  larger  pipes  it  is  advisable  to  use  -dreet  iriiii  moulds  fmade  m  dte  sltati*'’ 
<>r  a  horseshoe,  in  two  pieces)^  hanked  rtnnul  with  tiamp  (hut  not  wr!|  and.  iH  it  dtr 

licpiid  iron,  formed  hy  the  nsietion,  were  allowed  to  eomr  inht  eontati  widt  die  pipes  thr\  would 
be  fused  through,  hut  it  is  fbund  that  the  alumina  slag,  whieli  hist  issues  froni  ihe  uiiuide  witrit 
the  products  of  the  “thermit”  reaetiun  are  poured  out,  sfdidifies  tlie  Htttfaei-s  of  dir  pipei.  dm. 
forming  a  highly  refractory  prtUeetive  e«nUing,  through  which  the  metal  I'ainmt  peiiritate. 

During  the  present  war  a  dei)loral)h*  application  fnr  tlir  “  timrmit  ”  lire  !ms 
been  found  in  the  con.struction  of  incendiary  bom! is  unlurtiinaiely,  so  many 
scientific  discoveries,  which  rightly  appHetl  art;  of  tht‘  greatest  utility  to  man,  may 
be  debased  to  vile  ends. 

The  “thermit”  fire  is  peiatliarly  adapttnl  for  purtwiseN  of  ile^ifruetion,  iim  uuta  h  it  h  so 
dillicult  to  extinguish.  Fire  may  usually  he  extinguished  (i.|  eidau  by  eutfing  r4t  dir  supplv  of 
oxygen  (air)  necessary  to  thecomlmdion  of  tlie  Imnting  body,  bv  means,  ha  example,  of  blankri . 
sand,  carbon  dioxide,  etc,  or  (ii.)  by  wetting  tlie  liody  with  a  tam  intlanimal.Ie  hom.l  wain)* 
which  not  only  to  some  extent  screens  it  fiom  the  :iii,  bul,  bv  extiactiug  umdi  ol  it-i  hrai’ 
reduces  its^  temperature  below  that  at  whieh  the  comhiiHtioa  wtlf  take  place!  In  the  rase  of  die 
“  thermit ”  fire,  however,  like  tliat  ui  gunpowder  and  similai  mixfineH,  no  exieifial  oxygen 
IS  needed  for  die  combustion,  hema*  sensming  it  from  tlie  aii  i.  without  rlleet.  as  lx  evidrfii 
representing  the*  reaedon,  and  i\  ffenam  urated  by  die  cxpei hiienls  of  Wrxion 
aril  hlhs  mentameil  above.  Moieover.  the  tempeialure  is  sulludendy  liigli  to  ileomi|«w  walei. 
with  the  evolution  of  hydrogen,  whic*h  itsidf  i-.  highly  inflammable  • 

.B'e  i  4HAI  -  F4d  5  4lf- 


(j>oldschmidt  gives  the  foliowitig  figures:  t  kilogram  of  “thermit”  ene’.  asii  ral-,  , 
I  kilogram  of  anthracite  gives  7,ocx>  caK. 

I  Asconcerns  cooking,  it  may  be  menlionetl  that  the  “  Deutsclie  Miintdons  imd  Waflntfabiil  A 
of  Karlsruhe,  have  consiructetl  a  cooking  and  roasting  stove  for  camp  eookine. 

^  English  Patents,  1H99,  No.  18,328,  and  No,  213,894. 
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On  the  other  haiuh  eimrsc,  the  hurnini:  *4'  uhjectN  svt  the  |.i  hy  the  ‘Mhenuii*’  fuc  may  he 
extinguished  in  any  way  urtliuaiily  applirahlr. 

The  ^‘therntit"  incendiary  ht)inhs  used  by  the  Ck'niKins  in  their  air  raids  over 
England  are  usually  ('onical  in  sluipe,  willi  a  flat  tnetallit'  cup,  alumt  to  in.  in 
diameter,  as  base.  On  this  is  fitted  a  pi^Tceii  nietallic  lunncd  tilled  with  tliermite, 
with  a  metallic  cap  and  hatidle  at  the  ti^p.  Oeneially  some  yelltAv  phosphorus, 
which  is  not  only  highly  iiitlammable,  l)ut  gcaicaates  nauseousj'umes  on  combuslion, 
is  introduced  at  the  base  of  the  funnel  Outside  tlie  funned  is  a  padding  of  liighly 
inflammable  nssincnis  material  whudi  is  hound  ott  with  rope,  wires  beirrg  fastened 
from  the  outer  rim  (»f  the  cap  to  that  of  t!u‘  base  lo  increase*  tire  stalnlity  of  tire 
bomb.  'Fhe  rope  used  is  probably  first  treated  st)  as  io  iiicrease  its  inflamiijability. 
Occasionally  celluloitl  chippings  are  added,  and  more  rarely  a  small  amount  of  petrol^ 

USES  OF  ‘^THERMIT’’  AS  A  HEATINci  AtiENT  AND 
SOURCE  OF  MOLTEN  STKKL 

Not  only  may  the  heat  tlerived  fnun  the  ‘Uliermit  "  reatiion  be  utilised  in 
welding,  but  the  llpiid  steel  prialueed  at  tlie  same  time*  may  In*  emphryetl  form 
a  bulb  around  the  joint,  there!»y  greatly  slrenglluauiig  il.  Tliis  methud  «>t  welding, 
patented  by  Goldschmidt,-  has  treen  very  c\temiiv«'ly  «aiip!«)yrcl  in  tlic  welding 
of  tramdine.s. 

I'hf  rails  wliicli  arc  to  he  wrhlrd  l»y  this  iiir'JcHl  slpatlfl  h.nr  }|m  loll  hulrs,  aiul  tlir  rnth 
.should  be  uudrreut  in.  in  oitirr  lo  rirmir  a  |iio|iri  wriil  lltry  mtts!  hr  ltf«n}|»ht  Into 
true  alignment  and  elumned  lightly  fugrihet.  Tl«'  ilirrnnl  "  r*  iginfrd  in  a  eoirihlr  with  a  ht4e 
in  the  iitted  with  ii  tlevh'r  lor  Ui|i|nn|y  <4  saiiit  t4  a  loamy  and  plasln  nature, 

mixe<l  with  quart/ of  not  too  close a»r*h***'d  or  tU\r\  a  iharailrr,  i»iil  a,  tire,  iimimu-,,  anti  sharg 
as  will  |>ertnit  <4  binding,  are  etin*4f«rirtl  so  tlnii  ihr  *iirrl  %%hith  lie*t  i^i-atrs  from 

the  crueible  when  it  is  lapped  aliri  the  tratlnui  is  nvrr,  riiiis  lo  ihr  bsifitiio  of  flir  rail,  fuming 
a  metal  bulb  tiver  the  jt»ifn  to  uImuU  half  way  up  the  rail  oi  looir.  d‘hr  imailds  W  thoroughly 
baked,  coated  with  graphite,  and  the  two  srcliofis  ratrfttlly  liilrd  l»«grfltrf.  Il  is  \rry  essmlial 
that  everytliing  with  whicti  the  prodinis  i4  ihr  “  tlirffiui  “  rraiinui  c»uitr  t  Miitaci  should  I »e 
thoroughly  dry  and  wain).  The  molirii  mrf.il.  i4  cotie.r,  iiiira  ip4  allowrif  to  i'»»ine  in  i oniiirt 
with  the  top  of  tlie  rail,  wiiirh  should  l^r  roinplrfrly  roirird  by  llir  liiMlim  alutiwia  whirll  issues 
from  the  erurible  after  the  nuial  ha'-*  flt»wrd  otii.  Wbrii  wrldiiig  iriiipriaiufr  ha*i  Wm  irarhed 
the  rails  arc  pressed  ttsgethrr  by  tiirins  of  i  lamps  |4arr*l  ni  brloirtiafid. 

1‘hird,  or  conductor,  laiK  may  also  be  dfiislatly  W'rldnl  *u  I'iiniliir-iiofi  imty  Ic  riistned  simply 
by  welding  a  hinall  luidgr  of  “ihrunil  “  iiifial  on  io  ibr  ia^r  »4  dir  lad. 

In  the  ease  of  mils  eonlannng  high  peiernlagr  of  »4iboi4  a  siit»i|ifir»|  mrfliMil  it|  WTltlnig,  known 
as  the  **  .Stf4rop ’’  (Steel  t*op|irf|  prorfv-,^  i'.i  rm|4»4rd.  1  to*  m  ihit*  pfMrr***,  is  that 

prior  to  w*r!ilitig,  iiml  after  flir  lails  li.nr  t^ern  pbwrd  tti  aligiiiurfit,  a  ilnn  i Mp|rf  eualrtl  sirrl 
shim  is  inlr««hit*ed  briwern  the  i,i{|  brads.  ‘1‘lir  lail  riid  *  air,  Imi  wrldiltg  b\  lbt*i  |iiorrss,  not 
uiulercui,  and  ibe  chuiqe.  atr  nol  -irirwril  up  alir#  wrldinip  'Ho*  Iir4i  «»!  the  ntolfrn  slag 
Murounding  the  rail  brads  melts  otil  flir  i»tppri  aiol  Ir.nrs  ibrm  hriidi  sirldrd  Oigrihrr. 

dVsLs  carried  cnii  nn  rails  wrldful  b\  iiir.iiis  uf  ’HlirrmiU*  liavr  prnvcti 
emineutly  salisfaticuy.  Hic  fidhiwiug  aif  by  ilic  Maiiclir^acr  Ckirpciratnm 

Tramways  (2 pi h  Navetiibcr  ipoftH  - 
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Ilescripliufi. 


I  Hrfuinig 

I  la-jiji  I  5«o{.  ’^loftient, 
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j  S« did  rail  in!!,  70, 

I  Fishplate  jointrtf  lad  io  ,, 

I  “Thermit "  joinfr*!  rail  lo  ,, 

!  Solid  rail  -  ^ 

;  “ Thermit **  jointed  rail  0  ,, 


^  ty.  “Cieimuii  /r|iprlii:  iCiids  Hir,.*,*  Itoi.toi,  ‘  /  b-  yirr/,  V*4.  lAII.,  boiiilsitt,  iqi5 
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ClIKMICAI.  'I'KSTS 
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Ordinary  Steel  Kail. 

“  Thermit  ’ 

'  Weld. 

Drillings  Inun  Kail  Head 

1  near  Welded  Joint. 

I  >15111147^  fr»nu  Kad 

I  lead  away  li om 
Wl'ldcd  joint. 

Iron 

>  98.520 

Iron 

07.82 

Irtm 

<>S-.i74.5 

loui 

ui  in 

Manganese 

-  0.865 

Manganese 

■  trace 
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l.iHK) 

Manitancsr 

nops 

Phosphorus 

-  0.042 

Phosphorus 

•> » 

Phosphorus 

-  c),o(»7 

!'hosplit*ru*»  - 

t  ».o(»5 

Sulphur 

-  0.054 

Sulphur  “ 

«  0,02 

Sulphur  ■ 

n.  05«) 

Sulphur 

0,058 

Silicon  - 

»  0.021 

Silicon  and  I 

n- 

Silicon  - 

0.tK)27 

Silii'tm 

o.iUK 

Carbon  - 

»  0.498 

soluble 

•  0, 5 1 

( 'urbon  ' 

"  U.4SS 

( 'iulnm " 

0.400 

Arsenic 

“  trace 

Carbon  - 

-  O.II 

'HirHf  uitalv 

‘.rs  iluHt  air  tu 

1  .Utrt.iUinii  in  dtr 

-Aluminium 

^  l..pS 

,  i*t  fbr  'arrl 

in  ihr  mil  hrail. 

HaRDKKS.S  'rKSTS^ 


Luiul  i)n  I  He 
In  'Ft  ins. 


Wrhlrt!  Rail 

Length  nf  Lu!rtit;ai«tu  Rimhu  rti. 


Away  from  Jninl.  _  (‘l»sr  to  jintiL 


0.25 
o.  50 
^^•75 


(J.  2C)  in,  J  t).  2fiiU. 

O,  ,,  ’  n.J2  „ 

0.57  ,,  1  O.  ,, 


Met.ll  tcstesl  fimu  hratl  **1  util 


It  is  ('lear  from  the  results  of  the  liardness  test  that  llte  suhjeetion  of  the  weldeil 
edges  of  the  rail  to  tin*  high  temperature  of  the  reaetiort  had  oo  injurious  elTet  t 
on  tht‘  hardness  of  the  rail. 

I'he  licjuid  steel  produced  hy  tlte  thermit’"  leataitm  may  alst)  la*  used  in 
repair  work  of  every  character,  not  only  in  tlie  case  of  small  urtii  les,  lait  in  that  of 
the  very  largest.  Indeetl,  by  the  ignition  of  a  etniple  of  Inindredweights  of 
‘‘thermit/"  one  may  produc'e  in  a  few  rnttments  a  humlredweight  af  superheatcil 
mild  steel ;  a  (luantity  producible  in  so  short  a  period  of  titnr  hy  im  tUlirr  meaini, 
Crucibles,  similar  to  those  employed  in  tint  welding  of  tram  lines,  are  einployrtl,  the 
details  of  the  method  depemling,  of  course,  on  the  type  of  repair  lo  he  efTeiied, 
^Fhe  process  has  been  sanctioned  by  the  British  (!orptaation  hir  tiu*  Survey  am! 
Registry  of  Shipping  for  repairs  to  fractured  stern  po^ts,  rudder  Iraim-s,  and 
damages  of  a  similar  character.  'I'he  results  of  the  Corporations  hrmliiig  tests 
(July  1909)  on  “tliermiC"  welded  bars  are  liert‘  appended,  and  shiw  tliac  the 
wekled  bars  were  considerably  stronger  than  an  unwelder!  bar. 


‘  The  relative  hardncKH  was  clrtermimsl  by  mraaitiiie  tlir  Icagile^  iwi*’ntahtao  laaUr  1)  a 
hardened  steel  die  with  a  curved  calgr  struck  tna  ra«lius  uf  t  in.,  am!  having  a  etiuing  rdgr  whhsr 
angle  wan  50'’. 


4 


IND  US  TRf  A  L  C7!£M!S  TA'  I 


-TURRM/T^^  JXD  ITS  J /^/RJi\l  /'/iKYS  ;; 

In  repair  work  it  is  frt'qiu'iUiy  found  advantai;eous  to  atl<l  a  taaiain  pn'jualaai 
of  steel  ])unehinp,s  to  the  '‘therinii":  this  n‘du(*es  thr  at  ‘Mlaaniil 

required  (and  Iumu'C  the  eost)  and  rc‘nd«‘rs  tlir  acaitai  less  \‘it»h*nt.  A‘>  to  flu* 
chemical  composition  of  tlu‘  steel  ohtaiia'd  trout  ^‘therntit,’  the  h>llnuini‘  !i.earr. 
are  given  by  Messrs  'riuaanit  Ltd. 


Oarhon 

0.05  [H‘r  cent. 

,  tt »  0. 1 0  per  emit 

Manganese  - 

o.uS  ,, 

0.  to 

Silicon 

O.OtJ 

0 .  .0  , , 

Sul[thur 

0  UJ  ,, 

Phosphorus 

Aliutiiniiim 

0.0. 1  ,, 

O.ft^ 

0.07 

u  iK 

d'he  figures  of  the  Manchestt*r  ('oiporation  'rMinwa\%  toi  t!tr  welt!  in  ttam 
rails,  which  (lifter  slightly  front  these,  ha\‘e  already  he<*n  yjven 


IISICS  Ob'  '‘TIIbiRMH**’  SI, Ac; 

In  Uu*  sla_t;  fium  thfM«*:u  tt«ai  nf  c’hinjuiiun  “  iln'iiuit/'  miuuU'  inl  ♦■.tlMtnrU 

which  must  l»c  tc|,su‘icil  as  iiihirs,  tl»«’  iu!»\  « ou  .c.f  aut  »*t  laalitfiji*  laif  .ihuinH.i  .  iMUirU  t.i 
chromium,  'rhcv  art*  tnm  smali  lu  lie  of  ;uty  t  ummctci.il  \ahic. 

Itnportattt  eoinintu’eial  uh(‘s  Itave,  ftow<‘ver,  b«H'ti  f<Hiud  IfU  llte  aluiiun.i  ^\hi^  fi 
constitutes  the  slag  fornitnl  in  tlte  rt*aetittn  ltetw«*eit  ahutitnitnn  and  niel.dla  u\tde. 
The  alumina  thus  obtaiited  lias  hfs'u  given  die  nap^terini  name  'Nuiiibin" 
Owing  to  its  eoniparative  fnaalom  from  odiei  laetallie  tixiilf-,  anti  alt.olnifdv 
anhydrous  (stndition,  it  is  harder  than  itatttral  euteiv  atal  i%  flierefttic’  ttunai  |e  b.^ 
preferable  to  it  for  polihhing  purpttses.  Moietn er,  aertudnig  to  Dr  Buchlli^r  «»t 
Mannhi‘im,  it  is  pnderable  to  natural  eorumiuiit  ^  iwhiOi  i!  tesrmblr%i  ni  the 
manufaeture  of  potUTy,  for  wltitit  purpose  it  is  mixed  milli  t  lav  atul  fnimrd  |i 
is  claimed  to  be  espeeially  usid’ul  for  nutking  tdimimail  appaialiis  v\|ihIi  ma\  la* 
subjis’ted  tt>  great  changes  in  temperature  without  ha*  inrinjt. 


•  (‘urtmdum  i  ■.  (ay-a.dU'.tsI  .ihtmhu  » utit.iiitifii*  fmcr.Mf  {cnic 
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The  calcareous  cements  are  compounds  of  calcium.  They  are  divided  into 
limes  and  cements  according  to  their  composition  and  behaviour  towards  water,  but 
the  division  is  only  a  matter  of  convenience,  because  they  are  all  cements.  The 
limes  consist  of  more  or  less  pure  calcium  oxide,  CaO,  and  the  cements  consist 
of  salts,  such  as  silicates  and  aluminates.  Limes  “  slake  ’’  or  crumble  to  powder, 
with  more  or  less  evolution  of  heat,  when  treated  with  a  little  water,  the  action 
being  very  energetic  in  the  case  of  pure  lime,  and  very  slow  in  the  case  of  hydraulic 
limes.  Cements,  on  the  other  hand,  do  not  slake  when  in  contact  with  water,  but 
set  ’’  or  solidify  without  any  perceptible  change  of  volume,  and  with  little  evolution 
of  heat.  The  hydraulic  limes  also  possess  the  property  of  setting  under  water,  but 
are  distinguished  from  the  cements  by  their  power  of  slaking.  The  whole  group  of 
calcareous  cements  may  be  classified  as  follows : — 
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Limks. 

( 'oinuioD  lime. 

I  lydraiilit'  linu‘S. 


This  rlassifuMlitm,  huvvcsct,  r.m  nuly  In*  .-..usids 
('hisses  tiu‘r^t‘  intt>  mie  anolhc'i  !•>  iui[H'irept ii»!r 
hydnuilieit y  heluetai  puie  ei>jnmt»n  liiue  and  the  inir  1 
into  the  pu//U( 'lani(*  ecment*..  Ajsiin,  itieie  i*.  n»t  haul 
llu*  natuuil  eeiueiit''*,  smue  ot  the  lattei  heiitp  knnuii  a* 
their  siuiihuity  l<-»  the  aitifu'ial  puHliu't, 


(  ‘l'AU‘  S  I  s. 

}hi//unhiiiit  aiul  slay  ernu*ms, 
Xatiiial  eumunts. 

Ihirtiand  eummd. 
ihastui  cuiiieiUN. 

•led  a*,  appu  isiuiatr,  Uei'.ui  ,e  .MUie  t>f  the 
's.  I  till  llsru*  .ue  lunr  .  *4  »  \ei\  dc'ipee  ui‘ 
udiaulie  Ittue.,  4l»d  tlirlaUfl  IMadlKlll)  pa'-s 
ainl  f.s  I  iiue  hetuerii  l'»ii!l.iiid  etnuc'iit  and 
.  natural  Portland  cements,  “n  aeeuunt  n( 


('OMMON  LlMlh 

'hhe  chcmiral  propmics  td  tamnmm  ( 'aO,  ate  tiisriisscd  iiiulid  Calcium 
Salts,  Vt)l.  L,  p.  341.  ^Ve  here  (leal  std<‘ly  with  if*,  maimfai  line  ami  its  usv  as 
regards  tht‘  cement  and  ntortar  industry.  d1ie  lime  is  eldained  hv  «  ah  ming  raleium 
earhonate,  ('aCO.j,  at  a  red  heat,  so  as  todtive  tiff  the  waleu  whieli  ts  gmetally 
[)res(!nt,  and  tn  expel  the  carbon  dio\tdt\  (*(),..  ‘The  u\u  Uott  lakes  place  at'ctuding 
to  llu?  equation 

t'.tfi  f.d  )  >  c  a  I . 

d'he  ealtaum  oxide  thus  obtained  is  known  a%  quicklime,  cauStic  lime,  i»r 
common  lime.  <hi  atitlittg  a  little  mote  titan  tiu*  coitem  attioum  ot  watut  {tK 
[tart.s  l)y  wtigltt  of  \vat(‘r  to  5(1  paits  by  weight  of  pttte  ealeiniu  oxide j  cliruiical  t  tmi 
itintitiou  takes  plaee.  Owittg  to  the  heat  ot  the  teatdion  soim*  ot  tlie  wafei  is  rxpelled 
as  steaitt,  ami  the  lime  eruittbles  to  a  perteetl)  dry  powtiet  kmuut  as  slaked  lime, 
whit'h  etmsists  of  ealeiuttt  hydtatt%  (alOIlf., 

(aU  ,  ft.O  t'.ifOlil., 

For  the  chemical  properties  id  slaked  Hinr,  mi'  umln  Calcium  Salts, 
\‘oL  L,  p.  341. 

Calcium  carbonate  oei'iim  naliually  in  a  niiuibrt  td  toiins,  o»me  of  the*  best 
kitowti  being  marWe,  limestone,  am!  chalk,  any  ot  \Uiitdi  wilt  \ifdd  llic  oxiile  on 
ealeiitation.  For  tlu*  chemical  properties  of  ialninn  iaiboiial«%  mt  under 

Calcium  Salts,  \'ol.  I.,  p.  341. 

Marble,  wiiilt’ uuiihlf  Murd  4%  *4  Iir.uh  puir  » .||«  huh  t  ihririf-ir  Ufld’.  .mny 

pU»r  hltir.  Is  is,  h»»ttinri,  Imm  f*-\  pen  .U  ♦'!» »  hr  il'.rd  Imi  ll»r  pirp.iutO'-U  •  4  lilir  h  *»  ptlf 

ptiscH,  and  the  liuir  pitiduiJ-d  o  Smu  luh  {m  !«'  list’d  I'U  htidtlutg  pnip**.r-.,  iitJr*  j  ji  hr  iy}\rd  ttiili 

ininti  tTivr)  m.itfri, 

Limestone.  I  hi.  r.  .1  wty  .ditnid.ita.  dm  Imou  --i  ,  .d*  ihih  i  .til«»n.iir,  ^%hidi  r»  Irs*.  piar 

that  liuuhlr,  .Uid  l-'.  .MjitrUfnrs  VfUT  llllpsitr.  fl  tj-.fj.tlh  fur  tl|i  4,  4hlltHmill}|  .lilt  , Ur, 

UU<!  U».i|ptrMiiIii  r.u  I » »ici!r.  \\  hm  tlir  4»»iir  I'MUCun.  %  |rf"i  i  rfiS,  f -f  iirar  *4  Ihr  hi  .!  {|ir|j|  CtUrtl 
Oiiraiiuriil  ll  is  kimtti,  4s  dolomitic  limtstonr,  hIpI  tthri}  Ihr  hIIImiihS  tr4dirs  ;  ^  prt  »r}il,  il  is 
known  ;i%  dolomite  *n  magnesium  limestone;  .olmtr,  iMta-umtip  simdi  m.ipip  -cu  Mid  h  'Jplr 
vriy  iniprrfrtily,  ihdoniiifs  arr  not  ijsrd  |mi  iftr  nj.iiiiilaniifr  tfl  littir  r\trpf  ha  syri  tal  piifpMsrs,  4% 
tor  ihr  linlngH  of  Mnur  lisutacrs.  1  h*.sr  Imif.  wlm  li  *  oiiUtin  mn»  h  .ilntiiaunin  >U'u  air  ho-  ii-.rd  ha 
the  ni.inuf.nim’r  of  Indniuhr  Iwlinli  0-1%  p. 

Chalk.  1‘lns  is  vt  o  Mini!, a  to  lifHr.tMiir,  .ud  ^aiu-  in  piseH  in  ihr  s.iinr  fiMiniri.  Is  is, 
ipiW’rVci,  smu  It  softrt,  lUid  (»«nt,uns  4  *  «»li  adrfahir  .ttiiotUil  mI  w.ilri  wlr-n  !|il4i|ird.  Ihr  tipprl,  **i 
wliitr,  rl'Kilk  urld'»  .1  purr  intir,  whih.!  ihr  ‘4  tirlsfs  4  ffp"U-  '‘i  I*' .s  |iolf,nih» 

hint*. 

Other  Sources  of  Lime.  AinMnip.i  Mihri  in.ifiii.d.  sea  shellii  nr  uj-4  4.  .1  -rPipr  -l  lititr. 

Idte  w.oir*  dirlh'»  lUHit  iIh*  u\%|rj  t  .iiiiniti*  induHltv  .ilr  ihiui  nlih  .rii  4!  ilihuip'ir  .tinl  M!l,ri  pLti  its 
Ainrrira,  ;md  iit  HulLuid.  ll*r  luiir  <il4.iiiiri|  fiMin  ifiu  '.*401 «  o  I'p*  ipIi  !«»  hr  tr.rii  1**1 

huildiiig  pufpo'4"*  iinic-fr.  if  hr  nit\rd  wiili  pn//in4.uiit'  lu.iiiri  o.rr  p.  .H|i,  A  .  MisM.Irfot*!*  niiMimi 
of  liiiif  ohutinrd  iis  Indni  fu»iij  flrp«rHe»  «4  unpiirr  1  nloimi  « .ii h»fi.,ilr,  4.  kimkuf  of 

kankar,  whicdi  i-'.  found  in  ihr  .illitvi.d  ,oj|  of  ihr  |rktiii  >.  \lJrt  i«s!siati|a  **  o  nnxrsi  wall  '..pihI ynil 
wain,  and  gninallv  wiih  a  liulr  ntol.i .-a-*  io  lumt  ihr  irfidnuig  known  m  Isidui  4  .  chisUAm.  Ihr 

4t!ily  rifeti  of  llir  tiadaHHC”*  14  iip|»#iiriilly  to  frlaid  fitr  dfyiis|»,  wkn  h  f<ts|da  oikrtwop’  hnoiisrloo 

uipi<l  ifi  a  liui  liiiuaif’. 
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Lime  Burning’. — The  raw  material  is  calcined  in  kilns  at  a  temperature  of 
not  less  than  812°  C.  (For  dissociative  pressures  of  CaCOg  see  Vol.  I.,  under 

Calciuni  Salts.) 

The  operation  is  a  simple  one,  as  the  burner  has  only  to  expel  the  water  and  carbon  dioxide,  and 
there  are  therefore  no  complicated  reactions  involved-  It  is,  however,  necessary  to  remove  the 
products  of  decomposition,  because  calcium  carbonate  can  be  fused  without  decomposition  in  an 
atmosphere  of  carbon  dioxide,  yielding  a  marble-like  mass.  The  removal  of  the  carbon  dioxide  is 
effected  by  means  of  the  natural  draught  of  the  kiln.  The  decomposition  is  facilitated  in  an  atmos¬ 
phere  of  steam,  as  was  first  shown  by  Gay  Lussac,  and  it  is  a  common  practice  to  inject  water  or 
steam  into  the  kilns  for  this  purpose.  Where  this  is  not  done,  the  lime  burners  often  wet  the  material 
before  burning,  and  thus  obtain  a  certain  amount  of  steam.  The  carbon  dioxide  produced  during 
lime  burning  is  usually  wasted,  although  it  is  a  valuable  by-product.'  It  is,  however,  sometimes 
utilised  in  condensing  plants  in  Germany  and  the  United  States.  See  under  COo  Industry. 

Lime  burning  is  a  very  ancient  industry,  the  earliest  form  of  kiln  being  probably 
a  hole  in  the  ground  in  which  the  mixed  raw  material  and  fuel  were  placed  and 
ignited,  the  process  being  an  intermittent  one.  Many  forms  of  kiln  for  lime  burning 
are  in  use  at  the  present  time,  but  they  may  all  be  classified  under  two  heads  :  (i) 
intermittent  kilns,  in  which  the  calcined  charge  is  withdrawn  when  it  is  cold 
and  the  kiln  restarted  with  a  fresh  charge,  and  (2)  continuous  or  draw  kilns,  in 
which  the  raw  material  is  fed  in  at  the 
top  and  the  lime  is  removed  at  the 
bottom,  so  that  the  process  is  con¬ 
tinuous.  Continuous  kilns  are  sub¬ 
divided  into  two  classes,  stationary 
or  vertical  kilns,  and  rotary  kilns. 

The  stationary  continuous  kilns  may 
be  of  the  mixed  feed  (running*)  or  of 
the  separate  feed  type. 

The  flare  kiln,  which  is  shown 
in  Fig.  I,  is  a  kiln  of  the  first  class. 

It  is  roughly  egg-shaped,  and,  with  the 
exception  of  a  space  at  the  bottom,  is 
filled  with  lumps  of  limestone  or  chalk, 
supported  on  a  roughly  built  arch  of 
bigger  lumps  of  the  same  material. 

The  fuel  is  burnt  on  fire-bars  in  the 
space  at  the  bottom  of  the  kiln,  and 
the  hot  gases  ascending  through  the  mass  of  limestone  convert  it  into  quicklime. 
The  kiln  has  to  be  emptied  and  recharged  for  each  batch,  so  that  the  process  is 
intermittent.  The  lime  thus  produced  is  known  as  flare  lime. 

In  its  simplest  form  the  kiln  is  built  of  the  limestone  itself,  but  kilns  of  this  type  are  often  con¬ 
structed  of  brick  or  stone  work,  the  inside  being  generally  lined  with  fire-bricks  set  in  fire-clay. 
These  kilns  are  usually  either  cylindrical,  with  a  truncated  conical  chimney,  or  they  consist  of  two 
truncated  cones  placed  base  to  base.  The  height  of  the  kiln  should  be  twice  the  largest  diameter. 

The  raw  material  may  be  supported  upon  an  iron  grating,  as  in  the  DepHnne  &  Donop’s  kiln, 
and  in  some  of  the  modern  forms  of  this  kiln  producer-gas  is  used  as  fuel,  in  which  case  it  is  usual 
to  employ  an  annular  kiln,  the  raw  material  being  placed  in  the  central  space  so  that  it  may  attain 
a  fairly  high  temperature  before  being  charged  into  the  surrounding  kiln. 

A  modern  form  of  continuous  running  kiln  consists  of  a  cylindrical  or  conical 
shaft  with  side  openings  at  the  bottom.  The  raw  material  and  fuel  are  charged  in 
at  the  top,  and  the  lime  and  ash  removed  through  the  openings  at  the  bottom. 
The  shaft  is  often  more  or  less  egg-shaped. 

The  process  is  continuous,  fresh  supplies  of  raw  material  and  fuel  being  added  at  the  top  as  the 
charge  sinks,  'and  the  lime  and  ash  being  removed  as  they  are  formed.  Other  kilns  of  this  type  are 
the  Dietzsch  kiln  (see  p.  104),  and  a  modified  form  of  the  Aalborg  or  Schofer  kiln  (see  p,  105). 

Vertical  kilns  with  separate  feed  are  used  to  a  large  extent,  especially  on  the 
Continent  and  in  America. 

The  keystone  lime-kiln  shown  consists  of  a  steel  cylinder  lined  with  fire-brick  and  resting 
on  a  heavy  steel  base.  Beneath  the  cylinder  is  an  inverted,  truncated  steel  cone  called  the  cooling 


Fig.  I. — Intermittent  Kiln. 
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cone.  The  furnaces  are  carried  on  steel  platforms  which  extend  beyond  the  firing  doors  in  order  to 
give  sufficient  room  for  w'orking.  The  cylinder  is  charged  with  the  raw  material  and  the  flames 
from  the  furnaces  are  directed  on  to  the  stone  through  two  large  openings  lined  with  fire-brick  in 
the  walls.  After  passing  through  the  burning  zone  the  lime  falls  into  the  cooling  cone,  from  which 
it  is  withdrawn  by  means  of  draw-gates  in  the  bottom.  The  heated  air  around  the  cooling  cone 
passes  into  the  ashpit  under  the  grates,  thus  adding  to  the  efficiency  of  the  furnace,  and  sometimes  a 
steam  jet  is  placed  in  the  hot  air  passage  in  order  to  provide  forced  draught.  The  Riidersdorf  kiln 
shown  in  section  in  Fig.  2  is  a  well-known  kiln  of  this  class.  It  is  polygonal  in  plan  and  consists 
of  a  central  shaft  about  40  ft.  high,  to  which  the  fire  chambers  are  connected  by  means  of  arched 
openings.  This  central  shaft  is  about  10  ft.  in  diameter  at  the  widest  part,  just  above  the  fire 
chambers,  and  tapers  off  above  and  below  ;  at  the  top,  where  the  raw  material  is  added,  it  has  a 
diameter  of  about  7  ft.  Many  modifications  of  this  kiln  are  in  use,  Rumford’s  kiln  being  one  of 


Fig.  2. — Riidersdorf  Kiln. 


the  best  known.  In  the  most  recent  type  of  this  kiln,  such  as  the  Fahnehgelm  kiln  shown  in 
section  in  Fig.  3,  generators  for  producer-gas  take  the  place  of  the  fireplace  in  the  older  form,  and 
the  shaft  is  provided  with  a  conical  chimney.  Another  gas-heated  kiln  of  this  type  is  Schmatolla’s 
kiln,  which  is  shown  in  Fig.  4.  It  is  a  common  practice  in  many  parts  of  Europe  to  burn  bricks 
and  lime  in  the  same  kiln. 

The  Hoffman  ring  kiln  (see  pp.  217  et  seq.)  maybe  regarded  as  forming  a  connecting  link 
between  the  intermediate  and  continuous  types  of  kilns  ;  because  although  it  is  continuous  as  a 
whole,  each  of  the  chambers  into  which  it  is  divided  acts  as  an  intermittent  kiln. 

Rotary  kilns  similar  to  those  used  for  the  manufacture  of  Portland  cement  (see  p.  99),  but  worked 
at  a  lower  temperature,  are  also  employed  for  burning  lime.  They  cannot  be  used  where  the  lime 
is  required  to  be  in  large  lumps. 

During  recent  years  a  considerable  amount  of  attention  has  been  given  to  the 
production  of  a  stable  hydrated  lime,  several  products  of  this  nature  having  been 
on  the  market  for  some  .time.  In  some  cases  the  lime  is  simply  sprinkled  with 
water  and  then  ground,  but  in  the  more  modern  methods  comparatively  elaborate 
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processes  of  complete  saturation  with  water  followed  by  air  separation  are 
employed. 

The  Kritzer  hydrator  is  used  for  ibis 
purpose  in  some  modern  plants.  Idiis  con-  iP 

sists  of  six  cylinders  connected  to  a  chimney 
which  is  water  jacketed  for  30  ft.  so  that 

the  water  becomes  heated  to  about  no*'  F.  )  1  In 

by  the  hf)t  gases.  The  burnt  lime  is  fed  '  lifl  f 

into  the  cylinders,  each  of  which  is  pro-  jl  || 

vided  with  a  screw  which  conveys  the  material  '4|||  h  |  !|  M  \\ 

along  in  the  opposite  direction  to  the  gases,  ill  •  M I  M 

and  is  discharged  in  the  hydrated  state.  M 

It  is  finally  screened  and  air  separated.  It  11 

is  claimed  that  by  using  this  process  the 

plasticity  of  the  lime  particles  is  not  inter-  Ip bpaflL . 

fered  with,  and  there  is  no  risk  of  crystallisa- 

tion  due  to  excessive  heat.  'ti  ^ 


Relatively  pure  limes,  which  slake  ^ 

rapidly  with  a  considerable  evolution  ^  j||||  j  m 

of  heat,  and  yield  a  large  volume  of  '  P  v 

powder,  are  called  fat  or  rich  limes,  ®  ^ 

whilst  those  which,  slake  slowly  and 
with  little  evolution  of  heat,  yielding  a 
comparatively  small  volume  of  powder, 
are  called  lean  or  poor  limes. 

d’hese  poor  limes  do  not  “set”  under 
water,  and  must  therefore  not  he  ('onfounded 
with  the  hydraulic  limes  which  also  slake 
slowly  and  with  little  change  of  volume,  l)Ut 
which  sooner  or  later  set  under  water.  The 
poor  limes  either  contain  too  little  clayey 
matter  to  form  hydraulic  limes,  and  loo  little  .  n  » 

calcium  hme  to  make  a  good  ('austic  lime,  or  ^ 

they  are  “  (wer burnt  ”  or  deadhurnl.”  A 

good  sample  of  common  lime  should  contain  from  S5»()o  per  cent,  of  calcium  oxide.  The  following 
are  some  typical  analyses 


-Schmalolla’s  Kiln. 


Buxton 

Building 

Blue  Lias 

Lime. 

Lime. 

Lime. 

Lime  {Ciii )) 

1 

(,8.72 

51. 10 

^>343 

Insoluble  residue 

;  |)  0.7. 

(  13.20 

2.39 

C'omhined  silica  (SKL) 

1  10.34 

14.17 

Magnesia  (MgO) 

•  1  0.46 

1 . 04  1 

L54 

Alumina  (Alj(  );i) 
h'crric  oxide  ( Ke.jO,.)  - 

j  0-  I  I 

1.64 

f  6.  j() 

\  2.34 

Sulphuric  anhydride  {S(  )_j)  • 
Carbonic  anhydride  (( '( )..)  • 

0.21  1 

1  l()3 

8.00 

3*^4 

Water  (Il.y  >)  - 

1 

f  2.()() 

.Alkalis  loss 

-  ' 

1  1  r.3S 

I 

100.00 

lOO.(K) 

,  100.00 

Dolomitic 

Lime. 


For  building  purposes  limt*  is  made  into  mortar  (sec  j).  1 1  7).  In  addition  to  this 
use,  how’ever,  it  is  employed  for  softening  water,  as  a  dehydrant,  in  the  defecation 
of  sugar,  and  in  all  chemical  industries  wh(.;re  a  (Reap  base  is  required. 


‘  C(’fnt'fii  and  En^ineerin^i^  rcjij,  25,  37 
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HYDRAULIC  LIME 

Limes  containing  from  about  15-30  per  cent,  of  clayey  matter  (aluminium 
silicate)  are  called  hydraulic  limes,  those  containing  over  20  per  cent,  being 
known  as  eminently  hydraulic. 

When  treated  with  water  these  limes  slake  slowly  and  the  increase  in  volume  is  small.  When  a 
paste  made  from  such  a  lime  is  immersed  in  water  it  sets  after  a  few  days  and  then  slowly  hardens 
to  a  stony  consistency.  It  is  because  of  this  property  of  setting  under  water  that  these  limes  are 
known  as  hydraulic.  If  the  amount  of  clayey  matter  is  only  about  8*14  per  cent,  the  lime  is 
termed  moderately  hydraulic  ;  such  limes  slake  rather  more  readily  than  the  true  hydraulic  limes, 
and  with  a  greater  evolution  of  heat  and  a  greater  increase  in  volume  ;  when  made  into  a  paste 
they  set  under  water  after  two  or  three  weeks,  but  never  become  very  hard. 

These  hydraulic  limes  owe  their  peculiar  properties  to  the  formation  of  calcium  silicates, 
aluminates  and  perhaps  aluraino-silicates  during  calcination.  It  is  necessary  that  the  silica  in  the 
raw  materials  should  be  in  a  state  of  combination,  preferably  with  alumina,  because  free  silica,  such 
as  quartz  and  sand,  does  not  combine  with  lime  at  the  comparatively  low  temperature  of  the  kiln. 

A  pure  lime  may  be  converted  into  a  hydraulic  lime  by  adding  suitable 
substances  containing  naturally  or  artificially  roasted  silicates.  Thus  such  materials 
as  burnt  clay,  roasted  shales  and  brick  dust  may  be  used  for  this  purpose,  but  the 
most  important  substances  employed  for  the  purpose  are  naturally  occurring  siliceous 
materials  of  volcanic  origin,  such  as  puzziiolana,  trass,  and  Santorin  earth. 
Puzzuolana  is  a  volcanic  tufa  found  in  various  parts  of  Italy,  including  Puzzuoli, 
near  Naples,  from  which  it  derives  its  name.  The  colour  varies  from  white  to 
nearly  black,  and  the  composition  is  also  very  variable.  Part  of  the  silica  is  capable 
of  readily  combining  with  lime  in  the  presence  of  water,  forming  a  durable  silicate. 
Trass  is  a  similar  material  which  is  found  in  the  Eifel  district,  on  the  west  bank  of 
the  Rhine.  It  is  largely  used  in  Holland.  Santorin  earth  is  also  a  volcanic  ash 
which  occurs  in  the  island  of  Santorin,  in  the  Greek  Archipelago.  It  contains  a 
larger  proportion  of  silica  than  puzzuolana  or  trass. 

Hydraulic  limes  are  prepared  in  the  same  manner  as  common  lime,  but  limestones  containing 
siliceous  and  clayey  matter  are  used  for  the  raw  material.  Care  must  be  exercised  in  the  choice  of 
kiln  employed,  because  such  clayey  limestones  readily  become  partly  fused  and  spoilt.  The 
temperature  must  therefore  be  carefully  regulated,  and  the  kiln  must  be  one  which  will  permit  of 
this  regulation. 

Chaux  de  Theil. — This  eminently  hydraulic  lime  has  been  very  largely  used 
by  French  engineers,  especially  for  marine  work,  such  as  the  harbours  of  Port  Said 
and  Suez. 

It  contains  about  62-65  cent,  of  calcium  oxide,  15-22  per  cent,  of  silica,  2.5  per  cent,  of 
alumina,  1. 5  per  cent,  of  magnesia,  and  small  quantities  of  iron  oxide,  alkalis,  etc. 

Grappier  Cements  or  Ciment  Grapier. — In  France  hydraulic  limes  are 
slaked  at  the  lime  works  and  then  passed  through  sieves.  The  hard  lumps  {grapier^ 
which  are  left  on  the  sieve  consist  partly  of  still  unchanged  limestone  and  partly  of 
calcium  silicates,  and  perhaps  alumino-silicates.  They  are  collected  and  finely 
ground,  the  resulting  cement  being  known  as  ciment  grapier  in  France  and  as 
grappier  cements  in  England. 

The  composition  and  quality  of  these  cements  are  very  variable,  for  they  depend  upon  the 
proportion  in  which  the  two  kinds  of  material  exist  in  the  original  lumps,  the  calcium  carbonate 
being  valueless  as  a  cementing  material.  La  farge  cement  is  one  of  the  best  of  these  cements. 
The  following  analysis  of  a  grappier  cement  is  due  to  Le  Chatelier. 

Analysis  of  a  Sample  of  Grappier  Cement.  (Le  Chatelier.) 


SiOo 

-  26.5 

AbO, 

-  2.5 

Fe,03  - 

■  1-5 

CaO  -  -  . 

-  63.0 

MgO 

I.O 

Alkalis  - 

-  n.ck 

SO3  -  -  - 

0.5 

CO2  and  HoO 

-  5-0 

100.0 
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Scott’s  Selenitic  Cement  (Scott’s  Cement). — This  cement  is  prepared  from 
feebly  hydraulic  limes  by  the  addition  of  plaster  of  Paris  or  sulphuric  acid  by 
adding  5  per  cent,  of  ground  plaster  of  Paris  to  the  lime,  and  finely  grinding  the 
mixture. 

Sulphates  have  no  effect  upon  pure  lime  ;  eminently  hydraulic  limes,  however,  are  considerably 
improved  by  this  treatment,  though  the  feebly  hydraulic  limes  are  the  best  to  employ  for  the 
preparation  of  selenitic  cement.  According  to  Schott’s^  theory  the  gypsum  in  solution  is  deposited 
upon  the  lime  particles,  thus  retarding  the  access  of  water  to  the  lime,  so  that  the  hydration  of  the 
latter  takes  place  much  more  slowly  than  it  would  otherwise  do,'  and  with  but  little  evolution  of 
heat  or  increase  of  volume. 

Selenitic  cement,  when  prepared  according  to  Scott’s  process,  has  a  warm  buff 
colour,  sets  rapidly,  and  soon  becomes  hard.  Although  it  is  an  improvement 
upon  ordinary  hydraulic  lime,  its  use  has  not  become  general  because  it  is  un¬ 
suitable  for  work  which  is  exposed  to  the  weather,  and  especially  to  the  action 
of  salt  water,  and  also  because  of  the  superior  qualities  of  Portland  cement. 


PUZZUOLANIC  AND  SLAG  CEMENTS 

Puzzuolanic  cements  are  prepared  by  mixing  slaked  lime  with  certain 
natural  or  artificial  burnt  siliceous  materials,  and  finely  grinding  the  mixture. 
They  are  not  burned  at  any  stage  of  the  process  of  manufacture,  and  are  simply 
mechanical  mixtures. 

The  ancient  Roman  cements  belonged  to  this  class,  but  the  modern  so-called  Roman  cement 
(see  p.  85)  is  of  quite  a  different  character. 

The'  most  important  naturally  occurring  siliceous  substances  used  for  this 
purpose  are  volcanic  ashes,  such  as  puzzuolana,  trass,  and  Santorin  earth 
(see  p.  82).  Many  artificial  materials,  such  as  burnt  clay,  may  be  used  instead 
of  these  natural  substances,  but  by  far  the  most  important  of  these  materials  is 
blast  furnace  slag,  and  slag  cement  is  therefore  the  most  important  cement 
of  this  class  at  the  present  time. 

The  slags  used  for  the  purpose  of  making  cement  are  fusible  silicates  and  aluminate,  and 
perhaps  alumino-silicates,  formed  by  the  combination  of  the  fluxing  materials  with  the  gangue  of 
the  ore  during  iron  smelting  operations.  The  composition  varies  considerably  so  that  all  slags 
will  not  serve  for  the  manufacture  of  slag  cement,  but  only  those  of  certain  types  can  be  employed 
for  the  purpose.  Slaked  lime  may  or  may  not  be  mixed  with  the  ground  slag,  the  former  being 
the  older  practice. 

In  order  to  manufacture  slag  cement  by  the  old  method  the  slag  must  be 
granulated  and  dried,  then  mixed  with  the  slaked  lime  and  the  mixture  finely 
ground. 

Granulating  the  Slag. — This  is  usually  carried  out  by  allowing  the  molten 
-slag  as  it  issues  from  the  furnace  to  fall  into  a  rapidly  running  stream  of  cold 
water,  by  which  means  it  is  broken  up  into  fine  particles  known  as  slag  sand 
and  rendered  hydraulic,  and  a  part  of  the  sulphur  is  removed  as  sulphuretted 
hydrogen. 

This  sudden  cooling  of  the  slag  is  necessary  because  if  the  latter  were  allowed  to  cool  slowly 
iind  then  ground  to  powder  by  mechanical  means,  it  would  not  possess  such  high  hydraulic 
properties  as  when  suddenly  chilled  in  water. 

Drying  the  Slag. — The  wet  granulated  slag  must  be  thoroughly  dried  before 
grinding  or  mixing  with  the  lime.  Various  forms  of  drier  are  in  use  for  this 
purpose. 

The  Ruggles- Coles  drier  shown  in  Fig.  5  consists  of  two  concentric  steel  cylinders 
•capable  of  revolving  about  their  slightly  inclined  common  axis.  The  cylinders  are  connected  at 
the  middle  by  means  of  cast-iron  arms,  and  at  each  end  by  means  of  adjustable  arms.  The  inner 
cylinder  projects  beyond  the  outer  at  the  upper  end,  and  passes  into  a  stationary  air  chamber  which 
is  connected  to  the  hot  air  flue  of  the  furnace.  The  lower  end  of  the  cylinder  is  also  connected, 


^  Schott,  Dinghies  Polytechnische  Journal^  1873,  159,  30. 
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A  process  of  preparing  cement  has  been  devised  by  Snelus,  in  which  tiu*  slag 
is  calcined  in  a  furnace  after  being  granulated  in  the  usual  manner,  by  whicli  means 
part  of  the  calcium  sulphide  is  oxidised  to  sulphate,  and  part  dccoiupostal  with  the 
evolution  of  sulphuretted  hydrogen. 

Modifications  of  these  processes  are  used  at  the  present  time  for  the  preparation  of  slag 
cements,  slags  from  either  white  or  grey  iron  being  employed  for  the  purpt)se.  Insttpd  <»f 
granulating  the  molten  slag  by  letting  it  fall  into  water,  it  is  often  sprayed  with  a  solution  of 
alum  or  other  salt,  and  then  allowed  to  fall  upon  rapidly  rotating  drums,  the  line  ghduiles  of  slag 
which  arc  thrown  off  by  centrifugal  force  being  cooled  in  air.  The  granulated^  slag  is  then  finely 
ground  in  ball  and  tube  mills  (see  p.  04),  a  little  lime  and  gypsum  being  aiUled  in  order  to  regulate 
the  setting.  A  German  cement,  which  is  composed  of  70  j>er  cent,  of  Portland  cement  (made  from 
slag  and  limestone)  and  30 ’per  cent,  of  granulated  slag,  is  known  as  Eisen»Portland»Zement,  or 
Iron  Portland  Cement.  Highly  basic  slags  are  emphtyed  for  its  manufaeturts 

Cements  are  also  prepared  from  blast  furnace  slag  by  calcining  an  intimate  nd\turc  of  tin* 
slag  and  lime  to  incipient  fusion,  and  finely  grinding  the  (‘linker  thus  produced.  'riu‘sc  C(*iuents, 
however,  aUhoiigh  made  from  slag,  arc  true  Portkuul  cement  (set*  p.  87),  and  caumtt  therchuc  he 
classed  with  the  pu/,/,uolana  or  slag  cements. 

Puzzuolana  or  slag  cements  are  genendly  a  paht  bluish  grey  in  enloiir,  but 
those  made  from  shig  may  sometimes  be  brown  on  aia-oniU  of  tiu*  pn'setua*  of 
manganese  in  the  slag.  'Fluty  conttiiti  a  nuu‘h  suuiiler  pn>portion  of  lime  than 
does  Portland  cement,  'Flu*  sptu'iftc  gnivity  is  low,  lU'ver  e\(‘ei‘ding  i.K,  and  the 
tensile  strength  is  considend)ly  less  than  that  of  rt>rtland  eeiuent.  'Fhest*  emuents 
art;  slow  setting,  generally  ltdving  at  least  five  hours  for  the  final  set  to  lukv  place, 
l)ut  they  attain  their  greatttst  hardness  in  less  tluin  :i  year,  soiiudimes,  indeial, 
within  the  first  month. 

The  selling  lime  can  l>e  fiastem‘d  l)y  the  addition  of  piu./utd.uuc  materials,  sue!*  us  butul 
day,  or  by  adding  causltc  soda,  polasli,  (‘ommon  salt,  etc.,  eiihtu  in  the  (turn  of  .in  acimsms  atlutiiui 
or  in  the  dry  stage,  at  any  stage*  of  llu*  process  of  mamifactUK*.  'Flu*  latna  meihotl  c.  dtu*  lo 
Whiting  (United  Stales  Pat(*nt,  Nht.  5.i.j,7ot>,  1805). 

'Fhey  stand  tin;  boiling  and  stc'aming  tt'sis  very  wtdl.  'l‘h(‘sr  c*emrnls  are 
excxdlent  for  siiba(|ueous  work  smdi  as  sea  walls. 


NATURAI.  (nCMMNTS 

'File  natural  (‘cments  are  ohfairugl  by  burning  naturally  uc‘euning  «’l»ayey  or 
argnllaceous  limestones,  and  finally  grinding  the  Inirnt  nuUmial,  a  preliminary 
mixing  and  grinding  sometimes  living  netressary  befon*  lairning. 

I’he  first  of  the  natural  cements  was  [>re{nired  by  James  Parker  toward*,  the  end  of  the 
eighteenth  century.  It  was  known  at  first  as  Parker’s  cement,  but  was  afterwards  called  Roman 
cement,  by  which  name  it  is  still  known. 

Roman  cement  is  made  from  tlu*  se[)taria  nodules  found  in  tlu*  laaulon 
clay  off  the  isle  of  Sheppey,  and  at  other  places  along  tlie  Kentish  eoast.  Later 
on  similar  nodules  were  obtained  from  the  Hampshire  eoast,  Harwich,  \hirmoutlb 
and  other  places.  'Fhese  .septaria  consist  of  an  argillaceous  linu\stone  traversed 
by  fissures  filled  with  cahaireous  spar.  'Flu'  composition  is  very  variable,  the 
nodules  from  wSheppcjy  and  Harwiidi  i‘ontaining  about  6070  per  cent,  of  c^aleium 
('arbonate,  18-20  per  ('cnt.  of  siliiag  6-10  per  cent,  of  alumina  and  small  amounts 
of  magnesia  and  iron  oxide.  'Flu:  nodules  an*  first  ('abdned  at  a  temperature* 
below  tlic  elinkering  point  in  conical  kilns,  and  the  (‘linker  thus  ob!ain(‘d  is  th<*n 
crushed  and  very  finely  ground,  when  it  is  ready  for  use. 

TIu*  cemerit  elhikcr  may  fie  kept  U!U*haiiged  fbr  a  cutisiderable  tiuu*,  but  after  it  has  laice 
been  ground  it  detc*riorates  rapidly  in  contact  with  moi*.t  air,  and  sltould  therefore  be  used  as  soo}i 
as  possible  after  manufacture.  Medina  cement  is  a  vaiiety  nf  Roman  cement  which  is  made 
from  a  stone  found  in  the  Isle  of  Wight, 

Roman  ccanent  is  reddish  Irruwn  in  ('olour.  'Flut  speeifie  gravity  is  about 
Whtrn  mixed  with^  water  it  setts  very  rapidly,  a  good  neat  cement  taking 
about  ten  minutes  to  set  in  air,  and  from  a  (juartcr  of  an  hour  to  an  Itoiir  to  set 
under  water,  but  it  does  not  become  so  hard  and  stony  as  Portland  eemeiil. 
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It  is  a  good  hydraulic  cement,  and,  on  account  of  its  property  of  rapid  setting,  is  very  useful 
for  the  protection  of  slow-setting  Portland  cement  concrete,  etc.,  from  the  action  of  waves  in  marine 
work.  For  most  purposes,  however,  it  has  been  almost  entirely  superseded  by  Portland  cement. 


Continental  Natural  Cements. — About  the  same  time  that  Parker  introduced  his  cement  in 
England  a  French  military  engineer  named  Le  Sag’e  prepared  a  similar  material,  which  he  named 
plaster  cement,  from  the  nodules  found  at  Boulogne-sur-Mer.  This  cement  must  not  be  con¬ 
founded  with  the  true  plaster  cements  which  consist  of  calcium  sulphate  (see  p.  113),  as  it  was  of 
practically  the  same  composition  as  Parker’s  Roman  cement.  Similar  cements  have  since  been 
prepared  at  Pouilly  {1829),  Vassy  (1831),  and  other  places.  These  French  quick-setting  cements- 
are  prepared  in  much  the  same  way  as  Roman  cement,  which  they  closely  resemble.  Vassy 
cement  is  very  dark  in  colour  on  account  of  the  large  amount  of  iron  which  it  contains,  and  is  very 
quick  setting  when  freshly  burned. 

In  addition  to  these  cements  of  the  Roman  cement  type  natural  cements  are  also  made  in  most 
European  countries  from  naturally  occurring  argillaceous  limestone  rock  of  very  variable  com¬ 
position.  The  stone  is  burnt  without  any  preliminary  treatment,  and  the  resultant  cement  is- 
consequently  very  variable  in  composition  and  quality.  These  cements  are  known  as  natural 
Portland  cements  and  resemble  true  Portland  cement  both  chemically  and  in  physical  properties. 
They  are,  however,  of  lower  specific  gravity  (about  2. 1-3. 10),  more  quick  setting  and  less  strong. 

The  district  of  Tournai,  in  Belgium,  is  the  most 


important  centre  of  this  industry.  True  Portland 
cement  is  also  made  from  the  same  rock  by  add¬ 
ing  the  required  amount  of  limestone,  calcining 
to  incipient  fusion,  and  grinding  the  clinker  thus 
obtained. 

American  Natural  Cements.— Before  the 
introduction  of  the  manufacture  of  Portland 
cement  these  natural  cements  were  of  great  im¬ 
portance  in  America,  but  their  manufacture  has 
to  a  large  extent  fallen  off.  The  raw  material 
from  which  they  are  made  is  a  clayey  limestone 
containing  about  13-35  per  cent,  of  clayey  matter 
and  known  as  cement  rock.  According  to 
Cumming’s  ^  the  American  natural  cements  may 
be  divided  into  two  classes  according  to  whether 
they  contain  a  preponderance  of  bisilicates  or  of 
trisilicates.  Those  of  the  first  class  are  calcined 
at  a  higher  temperature  than  those  of  the  second 
class  (which  resemble  Roman  cement),  and  more 
or  less  ordinary  limestone  is  generally  added  to 
the  cement  rock  before  calcination.  The  cements 
of  the  first  class  are  known  in  America  as  natural 
Portland  cement,  but  the  term  is  inappropriate 
because  the  composition  of  Portland  cement  is 


practically  the  same  whatever  the  raw  materials 


from  which  it  is  made,  so  that  when  limestone  i.s 


Fig.  6. — Cracker  of  the  Cvjftee-Mill  Type.  added  in  order  to  bring  about  a  correct  composi- 
A  rotary  fine  crusher  supplied  by  the  SturUvant  tion,  a  true  Portland  cement  is  obtained,  and 

Engineering  Co.  Ltd.^  London.  when  no  limestone  is  added  the  resulting  cement 


usually  contains  from  10-15  per  cent,  less  lime  than  does  modern  Portland  cement.  Of  the 
cements  of  the  second,  or  trisilicate,  class,  the  best  known  is  Rosendale  cement.  The  raw 
material  from  which  this  cement  is  made  is  an  argillaceous  magnesium  limestone  which  extends 
along  the  Appalachian  range.  The  stone  is  blasted  and  conveyed  in  trucks  to  the  continuous 
draw-kilns,  which  are  charged  with  alternate  layers  of  the  cement  rock  and  small  coal ;  a  portion 
of  the  charge  is  withdrawn  every  twelve  hours,  and  fresh  layers  of  stone  and  fuel  added  as  the  charge 
descends  the  kiln.  The  burnt  stone  is  carefully  picked  over  and  any  underburnt  lumps  returned  to 
the  kiln.  The  properly  calcined  material  is  broken  up  into  small  pieces  about  the  size  of  a  hazel  nut 
in  rotary  mills  of  the  coffee-mill  type,  known  as  crackers,  such  as  that  shown  in  Fig.  6,  and  then 
ground  to  such  a  degree  of  fineness  that  about  95  per  cent,  will  pass  through  a  sieve  containing  2,500 
meshes  per  square  inch.  The  cement  is  finally  packed  in  paper-lined  casks,  when  it  is  ready  for  use. 

Rosendale  cement  contains  a  large  amount  of  magnesia,  whilst  the  silica  and  alumina  are 
comparatively  low.  Thus,  samples  of  this  cement  contain  from  about  15-18  per  cent,  of  magnesia, 
about  18-25  per  cent,  of  silica  and  about  2-4  per  cent,  of  alumina.  According  to  Gillmore- 
the  average  tensile  strength  of  the  neat  cement  is  104  lbs.  per  square  inch  after  .seven  days,  and  the 
average  crushing  strength  after  the  same  period  is  546  lbs.  per  square  inch. 


Louisville  cement  is  made  from  the  cement  rock  obtained  at  Louisville,  in  Kentucky.  It  is 


^  Cummings,  “American  Cements,”  1898. 

2  Gillmore,  “  Prac.  Treatise  on  Limes,  Hyd.  Cements,  and  Mortars,”  1874. 
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similar  to  Rosendale  cement,  hut  contains  less  mat^incsia,  averaging  ah* mt  i)  in  u>|h'i  ceiif  .»!  (Iik 
constituent.  With  tlie  exception  of  the  temperature  t)f  ealeinatinn,  tin*  meth*«l  .»|  m.inutaefun*  «•! 
all  the  American  natural  cements  follows  much  the  same  course  as  that  of  the  Kosmulale  c.-mriif. 

PORTLAND  CEMluNT 

Portland  cement  was  first  made  by  Joseph  Aspdin  (Patent  No.  s,o-*.’.  iH;.}!, 
a  bricklayer  of  Leed.s,  who  gave  it  the  somewhat  misleading  name  by  which  it  is 


Km.  7.  ..W.i^h  Mill. 

still  known,  [irohubly  from  a  faiu'ied  r<-semhlancc  to  Pottl.uul  st.me.  The  eemeiu 
was  originally  prepared  by  lightly  calcining  a  mixture  of  lime  and  elay,  and  gtimling 
the  product,  and  it  was  therefore  a  very  dilTcriau  m.ttcrial  from  that  made  .u  the 
pre.sent  time.  The  manufacture  of  this  cement  has  been  develoiicil  tiv  a  large 
number  ol  investigators,  and  is  at  the  present  time  by  far  tlu-  tnost  imi«)nant  of  the 
hydraulic  limes  and  cements,  its  superiority  over  all  the  others,  both  as  t.'g.ird-, 
strength  and  durability,  having  led  to  its  u.se  becoming  greatly  extended,  The. 
cement  is  the  finely  pulverised  product  obtained  by  heating  an  intimate  miMure  i.i 
calcareous  and  argillaceous  materials  to  incijiient  fusion,  and  grinding  the  lesidling 
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clinker.  There  is  a  very  wide  range  of  raw  materials  available  for  this  purpose, 
such  as  limestone,  chalk,  cement  rock,  marls,  clay,  shale,  slate,  blast  furnace  slag 
and  so  forth.  The  proportion  of  the  materials  taken  must,  however,  be  so  adjusted 
as  to  yield  a  mixture  containing  about  75  per  cent,  of  calcium  carbonate  and  25  per 
cent,  of  aluminium  silicates  and  free  silica. 

Mixing  the  Raw  Materials. — The  raw  materials  must  not  only  be  mixed 
in  the  correct  proportions,  but  the  mixture  must  also  be  uniform  and  in  a  fine  state 
of  division.  This  is  brought  about  by  one  of  three  systems  known  as  the  wet, 
semi-wet,  and  dry  processes. 

The  Wet  Process. — This  is  the  original  process,  and  is  now  almost  obsolete. 
It  is,  however,  still  used  at  some  works  which  employ  soft,  wet,  raw  materials,  such 


Fig.  8.— Wet  Edge-Runner. 


as  chalk  and  river  mud  or  clay.  The  materials,  without  any  previous  drying,  are 
mixed  in  the  proper  proportions  with  a  sufficient  quantity  of  water,  and  reduced  to 
a  fine  mud,  called  the  slip  or  slurry,  which  contains  about  80  per  cent,  of  water. 

This  mixing  is  usually  carried  out  in  a  wash  mill. 

This  consists,  as  shown  in  Fig.  7,  of  a  circular  or  octagonal  brickwork  (or  concrete)  tank,  at 
the  bottom  of  which  is  a  short  central  pier  supporting  a  vertical  shaft.  This  shaft  is  rotated  by 
means  of  a  pair  of  bevel  wheels,  and  carries  radial  arms  from  which  are  suspended  iron  or  steel 
harrow  frames,  joined  together  by  means  of  tie-rods,  and  carrying  the  steel  tines.  Finally,  there  are 
outlets  fitted  with  gratings  or  sieves  for  the  passage  of  the  slurry  at  intervals  around  the  circum¬ 
ference  of  the  tank.  A  modern  mill  of  this  type  usually  has  a  diameter  of  about  15  ft.,  and  the 
harrows  perform  twenty-four  revolutions  per  minute.  In  a  less  common  type  of  wash  mill  the 
harrows  are  held  in  frames  which  are  secured  to  the  central  shaft.  The  raw  materials  are  usually 
charged  into  the  mill  from  skips  or  tipping  waggons,  and  the  water  is  run  in  through  a  pipe. 

After  having  been  churned  to  the  correct  consistency,  the  slurry  is  run  off  through 
the  gratings  or  sieves  into  troughs  leading  to  large  reservoirs  or  backs,  where  it  is 
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allowed  to  settle,  a  process  taking  some  weeks.  The  water  is  got  rid  td  partly  dv 
soaking  a  way  through  the  soil,  partly  by  an  evaporation,  hut  mainly  by  drawing  oft 
the  clear  supernatant  liquid  at  intervals  through  a  perforated  board,  known  the 
peg-board.  When  the  slurry  has  become  sufficiently  dry  it  is  ting  out  Iroin  tin' 
backs  and  dried  ready  for  the  kilns. 

In  modern  practice  the  waste  heat  from  the  kilns  is  used  to  dry  the  shiny  next  ehaif'e. 

When  the  wet  proce.ss  is  ii.sed  on  the  Continent  the  slurry  is  left  in  the  h:u*ks  until  it  is  stilt  eiiMUgh 
to  be  plugged  and  made  into  bricks,  and  the  latter  are  drictl  in  tunnel  driers  (see  p. 

The  Semi-wet  Process.— In  this  process,  which  is  also  known  as  tlu*  senii 
dry  or  Goreham  process,  the  slurry  only  contains  about  40  per  ctmt.  of  water, 
and  is  therefore  known  as  thick  slurry;  it  is,  however,  suffadently  wet  to  allow  of 
its  being  pumped. 

This  method  has  been  in  use  for  t)ver  a  eentury  at  Meud<»n,  neai  I'.ui’.,  I<a  the  prepaialiMii  nt 
hydraujic  lime,  hut  was  oidy  introdiu'ed  in(t»  this  etuintry  hy  Goreham  in  nSyo.  In  Ainenia, 
where  the  old  wet  process  has  scarcely  ever  been  eniphiy<‘d,  this  mnlind  is  kunwii  as  tin-  “uri 
process,  llie  term  ‘•‘semi-wet  ”  or  “semi-dry”  not  h('ing  used  in  that  eouniiss 

AVash  mills  are  employed  in  tlu;  semi  wad,  protaxss  as  in  the  oiiginal  mtditod,  but 
the  final  reduction  is  usually  carried  out  in  mills  of  otlier  types.  Baeks  aie  md 
required,  as  the  slurry  ptisses  at  oiu'e  to  the  kilns.  Siiuudimes,  <‘speeially  wlnm  «»ur 
of  the  raw  materials  is  much  harder  tlian  the  otlua*,  a  separate  wash  mill  is  cauph»\jal 
for  each  ingredient,  and  frecpiently  llu‘  liarder  substaiua*  is  grounti  m  a  wtd  c*di'e 
runner,  or  more  usually  in  a  ball  mill.  If  both  materials  art‘  of  a  liaul  nature’  they 
are  both  submitted  to  this  treatment. 

Tlie  wet  edge-i'imner,  shown  in  h‘ig.  K,  ctnisists  id  a  hrii*k\\oil  cunetrir  |nu  tlit- 
which  is  laid  wilii  thick,  c'hillcd  cast  imu  jdatrs.  A  witica!  -.ludf  at  fin*  imfe*  «d  tlir  pd  i.  u.fafrd 
by  means  of  bevel  wheels,  and  carries  the  two  lunurrs,  raeh  nf  ubudj  enn.j.t.id  a  !»m\\  la  f  omu 
boss,  to  which  the  chilled  inm  nr  maneyineM’ stcrl  tvic  is  sretufd  by  mean  •  »•{  tH»le..  Ihr  nuner* 
are  carried  on  the  pins  ol  two  cianks,  sn  that  thry  ha\t’  indepcudriit  \ri|}i  a!  lunlnai,  thus  dmnm  .hnu^ 
tlu*  strain  on  the  central  shaft.  I’he  slursy  is  dischat|'ed  fhinupji  cnatsr  giid  Iixrd  at  tiir  i  m  mo 
ferenee  id' the  pans.  Ball  mills  for  wet  ipindiuf,  air  veiy  suml.o  U*  lie » .c- fm  diy  rjnidui|» 
(sec  p.  94).  'Fhcy  an*  discussed  undei  Manures,  pp.  ,*4,  .t?;,  bill  llaw  aic  U‘*i  pe^nlrd  wdh 
.sieves. 

As  there  is  no  separation  of  the  large  partieles  liy  'udisidenec’  in  the  !*eini  wrt 
process,  the  slurry  is  nut  usually  suffieieiitly  ground  a.H  it  eume“»  bom  the  wash  iidlla 
to  pass  at  once  to  tlie  kilns.  It  is  iherefori*  camveyed  by  means  of  a  SCOOp  wheal 
or  belt  elevator  to  a  .small  feeding  tank,  from  whieh  it  passes  to  the  wet  nulls, 
which  are  tdther  mills  of  the  ordinary  flour  mill  type  fiiti’d  willi  Freni  h  bmr  stones, 
or  tube  mills. 

In  the  inndern  type  of  mill  with  .ston«*%  the  lower  stone  is  the  nifinrr,  and  the  upper  xfoiir  j-i 
fixed.  SomelinieK  rock  emnw  is  used  instead  of  burr  stone  fur  the  fare,  and  m  soinr  ea-.es  tialled 
iron  facings  are  employed.  Tube  mills  (p.  94)  are  largely  used  for  wet  ipiniltng  oit  the  t ‘oiiliurni, 
and  also  in  America,  and  their  use  is  spreading  in  this  rounny,  When  nitie  mills  air  used,  ihe 
product  has  to  he  reground  in  amdher  mill.  In  ordei  in  avoid  the  tnr  ol  tlirse  tnddaug  mill., 
reeourse  is  sometimes  had  to  various  expedierds.  Thus,  in  some  works,  a  s*uie*  of  wash  mills  r* 
employed,  and  in  otluTs  some  form  of  sieve*  is  used.  In  Marg'ett's  proeess  the  dutiy  rs.  aprs  loan 
the  wash  mill  through^  ati  iron  plate  pc‘rforaled  with  <*ijcuku  holes  ‘  in.  in  ihaineiri,  and  1.  thru 
passed  through  a  rotating  sieve.  This  sieve  is  shaped  like  an  iiueiird  p\i,itimh  and  contains  foau 
400»9CKJ  meslies  per  squau*  inch.  As  the  sluoy  tia\t*ls  up  the  sido ,  of  the  siru-  the  Itnn  parfnir. 
l»ass  through  itie  meshesaud  flow  away  to  thr  {Uimps,  whilst  tl»e  eo.tr  n  p.mi*  les  aiednu-ii  tipu.trP 
an<l  over  the  oulerydge  of  llie  sievepntoan  aniiulai  cli.mtifd,  ftom  uhteh  lliev  are  rdnin.  d  thr 
wa.sl)  milk  \ery  hue  slurry  is  obtaiiu’d  hy  this  method,  and  the  sieve  ie«|unes  't.efv  little  poait, 
Ayuorc  recent  sifting  <leviee  is  Clarke’s 'mill,  nldrh  is  shown  in  lig.  o.  Ihis  null  i.  pranlrd 
with  a  hnyh  fastenetl  to  a  rapidly  rotating  hs.n  plate.  ITr  slimy  is  fed  into  ihf*  tank  al  the  fop, 
after  jmsing  tlimugh  a  perforatc*d  plate  whicT  prevents  any  large  pieces  t»l  niairtial  bMin  riitning 
the  mill,  arid  is  llircwn  hy  the  centiifugal  aetion  of  tlie  brushes  against  the  peupheiy  o|  thr  !,inC 
where  the  finer  portion  passes  mu  tlirmigh  a  ninnher  of  sir\es  into  an  .ittniilai  limigh  fioin  whn  h  ii 
is  conveyed  to  the  mixingyank,  wliile  the  coarse  particles  air  swept  awav  limn  thr  sieves  fir 
revolving  brush,  and  are  diHcharg<*d  through  an  opening  near  llie  boUmii  of  thr  laiil  hath  to  ihr 
grinding  mill.  y\s  in  the  rase  ol  ^Margett's  sieve,  very  Itillr  pmirt-r  is  ns|iuied  to  diivr  iln.  noil 
I  he  wash  mill  is  md  oft<*n  used  in  Amrrira,  the  mixing  heinit  uMially  cariird  “id  in  he.H\  rtlyr 
runners,  and  the  fine  grinding  in  tube  mills. 
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The  finished  slurry  is  usually  run  into  tanks  called  mizerSi  where  it  is  krpi 
stirred,  in  order  to  keep  the  composition  constant,  until  wanted.  I'he  slurry  in  thr 
mixer  is  tested,  and  if  the  [iroportions  arc  found  not  to  be  ('orred  the  re(|iuieci 
addition  is  made  from  one  of  two  smaller  tanks,  one  of  which  contains  a  slunv 
made  entirely  from  chalk,  whilst  the  other  contain??  a  slurry  of  ciay. 

A  g'ood  type  of  mixer  is  shown  in  Fig;,  ro.  This  consists  of  ti  brickwtuk  i»r  conerett'  t.uik  con 
taining  three  stirrers,  the  arms  of  which  rotate  at  diOcrent  levels.  Some  large*  mixers  are  eiu’iilai 
in  plan,  and  the  stirring  apparatus  is  arranged  on  the  sun  and  planet  system.  ('omptesHe«i  aii  ha-, 
been  recently  introduced  for  stirring  the  slurry  in  the  mixers.  In  this  ease  th<‘  latter  consist  of  laifp* 
circular  iron  tankas  which  are  funnel  shaped  at  the  bottom.  Through  the  bottom  of  each  tank  pas» 


I'ho,  to.'  -Mixer  with  'Three  Arms. 


stweral  iron  pipes  a!>oui  i4«2  in.  in  diameter,  vUindi  are  eonneeier!  with  ilie  oimpunsrd  .m 
chaitihcr.  (  n  admitting  the  cumpressfed  air  the  contents  of  tin:  tank  \mmi  to  **  bMil,**  and  bri'uitie 
very  thoroughly  mixed. 

Ram  pumps  of  the  three-throw  type  are  usually  employetl  fur  pumpini'  th.- 
fine  s  urry  from  the  mixers  to  the  kiln,  or  to  the  drying  floors  if  it  is  to  i>e  lurm.-d 
into  bricks.  Sometimes,  however,  worm  conveyers  are  usctl  for  this  iHirouse 
especially  on  the  Continent. 
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The  Dry  Process. — This  process  was  originated  in  England  for  the  purpose 
of  dealing  with  limestones  and  shales  of  the  Lias  formation,  but  its  greatest  develop¬ 
ment  has  been  made  abroad,  and  especially  in  x\merica.  The  process  is  principally 
employed  where  hard  materials  such  as  limestone,  shale,  and  slate  are  used,  but  it  is 
also  applicable  to  soft  materials.  In  this  process  it  is  necessary  to  crush  and  dry 
the  raw  materials  before  passing  them  on  to  the  mixer,  as  they  must  not  contain  more 
than  2  per  cent,  of  water  or  the  mills  will  become  clogged. 

Crushing. — Whenever  possible,  the  crushing  is  carried  out  before  drying, 
because  this  facilitates  the  latter  process,  but  very  wet,  soft  materials  have  to  be 
dried  first  and  crushed  afterwards.  The  type  of  crusher  used  depends  principally 
upon  the  character  of  the  raw  material.  If  the  latter  be  hard  and  fairly  dry  it  is 
usually  crushed  to  about  the  size  of  a  walnut,  either  in  a  machine  of  the  swing-jaw 
stonebreaker  type  or  in  a  gyratory  crusher,  whilst  if  it  be  soft  and  moist  it  is 
usual  to  employ  a  rotary  crusher  of  the  coffee-mill  (see  Fig.  6)  type  or  else  a 
mill  with  toothed  hedgehog  rolls. 

The  swing-jaw  stonebreaker  is  the  oldest  type  of  crusher,  and  most  of  the  forms  at  present 
in  use  are  modifications  of  the  Blake’s  stonebreaker  shown  in  section  in  Fig.  ii.  In  this 
crusher,  one  of  the  jaws  A  is  fixed  whilst  the  other  i  is  hinged ;  both  jaws  are  faced  with 
grooved  plates  of  chilled  iron  or  manganese  steel  J  and  K-,  and  the  hinged  jaw  is  caused 

to  swing  backwards  and  forwards  through  a 
very  small  arc  by  means  of  a  pitman  D, 
w'hich  is  alternately  raised  and  lowered  as 
the  eccentric  shaft  E  rotates.  The  size  of 
the  crushed  material  is  regulated  by  railings 
or  lowering  the  wedge  L,  and  the  return  of 
the  swing-jaw  by  the  drawback  motion, 
I*,  R,  s,  T,  u,  V.  In  another  design  of 
this  crusher,  the  Blake-Marsden  “fric¬ 
tionless  lever”  crusher,  the  movable  jaw 
is  swung  by  means  of  a  pitman  and  rocking 
lever.  In  another  type  of  jaw  crusher  the 
movable  jaw  is  worked  by  means  of  a 
lever  and  cam.  The  Wheeling  Mould  and 
Foundry  Co.  have  recently  introduced  a 
modified  swing  -  jaw  crusher  called  the 
Wheeling  forced  feed  crusher,  in  which 
a  rolling  motion  is  imparted  to  the  jaws, 
thus  increasing  the  crushing  power  and  out- 
Fic,  1 1. —Section  of  Broadbent’s  Improved  put.  Gyratory  crushers  are  generally  used 
Blake  Stonebreaker.  America,  but  are  not  so  popular  in  this 

country.  A  sectional  perspective  view  of 
Hadfield’s  gyratory  crusher  is  shown 
in  Fig.  12.  This  crusher  consists  of  a  hopper-shaped  shell  N,  beneath  which  is  an  inverted 
cone  A,  supported  on  a  casting  which  also  carries  the  driving  machinery.  The  crushing 
cone  K  is  attached  to  the  hollow  shaft  T,  which  is  supported  on  the  spindle  i  by  means  of 
the  ball  and  socket  arrangement  P,  12.  The  crushing  cone  is  caused  to  gyrate  by  mean.s  of  a 
tjcvel  wheel  with  an  eccentric  boss  cE  The  cone  mantle  s  and  the  plate  o  which  line  the 
shell  N  are  made  of  manganese  steel.  The  stone  is  fed  into  the  hopper  where  it  is  crushed  by 
the  gyrating  cone,  and  then  drops  into  the  inverted  cone  A,  from  which  it  escapes  from  the 
cru.sher.  The  size  of  the  product  can  be  regulated  1)y  raising  or  lowering  the  central  spindle  i 
by  means  of  a  worm  and  worm-wheel  at  the  bottom  of  the  machine.  Rotary  crushers  or  crackers 
of  the  coflfee-mill  type  (see  Fig.  6)  are  sometimes  employed  for  cru.shing  comparatively  soft  materials 
and  also  for  reducing  the  size  of  the  lumps  of  hard  material  as  it  comes  from  the  more  powerful 
crushers  described  above,  but  their  use  is  not  at  all  general  in  the  manufacture  of  1  Portland  cement. 
The  most  suitable  mills  for  crushing  soft  materials  are  those  with  toothed  rolls  such  as  that  shown 
in  Fig.  13.  This  mill  has  two  hedgehog  rollers  placed  opposite  one  another;  one  f)f  these  is 
supported  by  sliding  bearings  in  order  that  the  distance  between  the  rolls  may  be  regulated.  The 
size  of  the  teeth  used  depends  partly  upon  the  character  of  the  material  to  be  dealt  with  and 
partly  upon  the  size  of  the  product. 

Drying"  the  Raw  Materials. — At  the  present  time  rotary  driers  are 

almost  universally  employed.  The  simplest  form  of  rotary  drier  is  described  under 
Manures  (see  p.  35). 

The  Ruggles- Coles  drier,  which  is  used  to  a  large  extent,  is  described  on  p.  84.  When 
rotary  kilns  (see  p.  99)  are  employed  the  waste  gases  from  the  latter  are  generally  used  to  heat  the 
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(Iric'rs  instead^  if  einpluyin‘>j  a  separate  runiaee.  Takia|„t  athaataip*  *4  tin*  »!n  .pkru-,  ’hr 

Calitornian  Portland  (..anneni  ('o.  tlry  tlirir  wet  i'hu  wiihoui  ,ui\  aiJiia'i.il  asl.  the 

summer  the  clay  is  ploucthcd  up  in  patche-*  and  left  to  dry,  alttu’  which  n  i,  l(!oupj4  u>  llif* 
by  rail  and  storotl  in  l>ins. 

Grinding'. —The  (trushetl  and  dried  nuiterial  is  next  suhiiutte«!  te  liii*’  yiiiidiu 
the  usual  modern  praciita*  heing  tathcr  to  submit  the  niaterial  to  a  ptrlimiii.u \ 
grinding  in  mills  of  various  types,  tind  then  to  finislt  pulverising  the  gtii  fhu^  ttldaire  d 
in  finishing  mills,  or  to  comfilete  the  grinding  in  a  single  operatioti  and  to  pass  the 
grit  through  sieves. 

Edge- Runners  (see  fig.  S)  are  sotmaiiues  employed  loi  prehminarv  tednetiou,  the  i\p«’  nioa 
fre(|ucntly  used  in  the  dry  process  having  a  isgatitiit  |*aii. 


Pto.  I I  f.idiield' .  t  iveitf  e  V  t ’ni  di*  I 


When  edgeiutmn.  at*'  not  f.. If*. wed  lx  Imt  diitig  imie,  tor  ep-mnd  md.ii.o  i  |  I 
sieves  or  uir  sep.iralMSH  p.  aHf,  the  tSi.ti-jet  p,ifUc|ei  bejn.'  i.rtf  !■..  ih  juill  I  4 

reduction. 

.S«4t  lumpy  mutrri.d,  "'.ucli  a,  ♦  l.t) ,  i%  soiiteftsos'*  •■.iil5!ister*!i  !  »  ,t  pirlinufi  if  |ri|  lo 

matdnticH  ol  (|uife  a  thiieieiif  !\pr.  Bar  diiinte^ratori.  ‘Iruioed  ntiiirf  Manures,  p. 
arc  in  Use,  A  m.u'ldm*  wldeh  t*  c.ipablr  *4  d»\iliijg  wjih  Ii4id»'i  ih  .  s  fLr  iMilfcnS'^r 

in  which  llie  malcutui  to  be  ge^md  c.irn'-d  In*  a  *ip}drj,  Ih  whj4f  ’h-r  baijuts.-j  , 

attacheti,  uiul  crudied  againu  the  lifcakiitg  pi  iir  siiiiil  a  t,  sijffi  triply  irdmed  i,,  i^.i  ri  fhi-'s-iels 
the  graiisig^  a!  the  btUfom  of  Un*  in.i*  Itifu*.  Sometmir,  a  rollti  mill  e*  rtnplMvrd  le,  4’i  ioidi 
mediary  grindei  betwreii  the  nlge  imutei  and  flir  Imeihirig  ittill  !  Iir%e  iiiills  air  ftiMod  r  i  wp|:< 
feecl  n»lb  wddeh  deliwr  the  iiiairiml  a!  :i  ufiilofui  rale  Im  tlir  gtituliftp  r»i|P 

J  he  ball  mill  was  fieo  inlexlitcrd  UI  Cirrnitm,  w.t.  ougifi.iiii  Iiifriplnl  bu  fair  yio.  I;s.*y  !«st 
winch  purpoM'  it  has  iioi  ptoved  peiiinily  i.itfst  tcif}|\ ,  as  i!  dors  fiot  pfiifbu'r  a  aeiseinp 
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very  fine  flour.  It  is,  however,  one  of  the  best  mills  for  primary  reduction  of  the  crushed  material, 
and  will  probably  supersede  most  of  the  other  types  of  mill  at  present  in  use  for  this  purpose. 

Ball  mills  vary  considerably  in  constructional  details,  but  the  principle  has  been  explained  on 
p.  24  under  Artificial  Manures,  the  Abbe  ball  mill  being  there  described.  The  Krupp 
ball  mill,  shown  in  Fig.  14,  has  a  circular  drum  composed  of  two  wrought-iron  side  plates  carried 
on  a  horizontal  shaft.  The  inner  circumference  of  the  drum  is  built  up  of  perforated  plates  of 
tough  cast  steel  arranged  so  as  to  form  steps.  A  perforated  steel  plate  surrounds  these  grinding 
plates,  forming  a  coarse  sieve,  outside  which  there  is  a  fine  sieve  of  brass  or  steel  wire,  the  whole 
being  enclosed  in  a  sheet-iron  case.  The  drum  is  charged  with  forged  steel  balls,  and  the  material, 
which  is  fed  in  through  a  hopper  at  the  side  of  the  drum,  is  crushed  by  the  balls  which  fall  from  step 
to  step  as  the  drum  rotates.  The  ground  material  passes  through  the  holes  in  the  grinding  plates 
on  to  the  coarse  sieve,  which  retains  the  larger  particles,  and  allows  the  finer  portion  to  pass 
through  to  the  fine  sieve,  where  the  same  process  is  repeated.  The  portion  which  succeeds  in 
passing  all. the  sieves  then  falls  into  the  iron  casing  and  is  removed,  whilst  the  coarser  particle.s 
retained  by  the  fine  or  coarse  sieves  are  returned  to  the  interior  of  the  drum,  where  they  are  further 
reduced.  The  Jenisch  ball  mill,  made  by  Messrs  Jenisch  &  Lohnert,  is  very  similar  to  the 
foregoing,  but  the  fine  sieves  form  the  sides  of  a  polygon.  In  the  Kominor  mill  the  grinding 


Fig.  13. — Roller  Mill  with  Toothed  Rolls. 


plates  are  not  perforated.  The  material  is  fed  in  through  a  hopper  at  the  side,  and,  after  traversing 
the  drum,  passes  through  three  ports  in  the  opposite  side  to  the  coarse  and  fine  sieves,  which  form 
the  frustum  of  a  cone.  The  finer  portion  escapes,  as  in  the  ordinary  ball  mill,  but  the  coarser 
particles  are  returned  through  shoots  into  the  drum,  which  they  have  to  retraverse  before  they 
again  reach  the  sieves.  This  mill  is  a  considerable  improvement  on  the  ordinary  ball  mill  because 
the  material  receives  a  much  more  thorough  grinding  between  each  sifting.  One  disadvantage 
which  this  mill  shares  with  the  ordinary  ball  mill  is  that  it  is  necessary  to  remove  the  sieves  and 
screens  whenever  the  grinding  plates  have  to  be  inspected,  changed,  or  repaired.  This  difficulty  is 
obviated  in  an  improved  form  called  the  Kominor  Fasta  mill,  in  which  the  coarse  and  fine  sieves 
are  in  the  form  of  concentric  cylinders.  Another  mill  of  a  somewhat  similar  t}pe  is  the  cementor. 
Some  ball  mills,  such  as  the  Molitor  ball  mill,  are  made  without  the  fine  sieves.  In  this  mill  the 
l^round  material  is  discharged  through  gratings  between  the  steps.  The  Molitor  ball  tube  mill 
is  a  short  tube  mill  which  is  lined  with  steel  step  plates  in  a  similar  manner  to  that  of  the  ordinary 
ball  mill.  The  material  is  fed  into  the  mill  through  one  of  the  trunnions,  which  are  hollow,  and 
discharged  at  the  other  end  on  to  a  screen  surrounded  by  a  dust  casing,  into  which  the  fine  portion 
passes,  whilst^ the  coarse  particles  retained  by  the  screen  are  returned  to  the  drum.  Short  tube  mills 
called  crushing^  tube  mills  or  pregrit  mills  are  sometimes  used  instead  of  ball  mills  for  the 
preliminary  reduction  of  the  material.  Krupp’s  pregrit  mill  is  of  this  type.  It  consists  of  a 
short  wrought-iron  tube  lined  with  steel  plates  and  charged  with  steel  balls.  The  material  is 
fed  in  at  one  end  and  discharged  at  the  other,  through  the  hollow  trunnions.  The  sieveless  ball 
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mill  may  also  be  used  for  grinding  raw  materials,  in  which  ease  the  use  of  a  coarse  and  fine  mill 
IS  avoided. 

Various  kinds  of  centrifugal  roller  mills  are  used  for  grinding  the  raw 
materials.  In  most  cases  the  grinding  is  completed  in  one  stage,  the  mill  thus 
taking  the  place  of  the  combined  ball  and  tube  mills. 


The  Griffin  mill,  which  is  manufactured  by  the  Bradley  Pulverizer  Co.,  is  shown  in  section 
in  Fig.  15.^  In  this  mill  the  roll  31  is  attached  to  the  shaft  i,  suspended  from  the  universal 
joint  9,  which  is  connected  ^  to  the  horizontal  driving  pulley  17  by  means  of  sliding  bearings. 
The  grinding  chamber,^  in  which  the  roll  swings  and  rotates,  consists  of  a  base  pan  24  containing  a 
grinding  ring,  and  a  sieve  frame  44  carrying  a  cylindrical  sieve  surrounded  by  a  sheet-iron  dust 
casing.  Attached  to  the  top  of  the  sieve  frame  there  is  a  conical  shield  25  through  which  the 
shaft  passes.  The  raw  material  is  fed  into  the  hopper  50  and  is  conveyed  by  means  of  the  v/orm 
49  into  the  base  pan,  where  it  is  ploughed  up  by  the  shoes  or  ploughs  attached  to  the  bottom  of 
the  roll,  and  ground  between  the  latter  and  the  grinding  ring.  The  finer  particles  are  winnowed 
by  the  fans  7  and,  after  passing  through  the  sieve,  fall  into  a  receptacle  below,  from  which  they 
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areremoved  by  means  of  a  worm  conveyer.  A  ,!.■  .  ni  .  d  r-  m.dvi 

known  as  the  giant  Griffin.  The  Bradley  tnree 
Manures. 

,  .  .,4  1  -11  tiw4  Sturtevant  ring’ roller  null  i!ir  ••liinliut’ 

In  the  Kent  mill,  the  Maxecon  mi  \  ‘  ^  the  ii.utu'4  mili  s  .!f  .rn!'(Ni  inidfi  iVlanures 

pressure  is  produced  by  means  of  powerful  sprin<j;;s  ,  ln<.  »• 
on  p.  25. 


FuJ.  15.  — Sectiiin  of  ( ;i if!;r.  \fiil 


is  fed  by  means  of  the  automatic  feed  31  through  tin*  ;p  iiit-  d,**  o*..::  .41  4  o.d  !r!rt*-rji 

the  balls  and  the  grinding  ring.  The  snider  3, ^attachr«|  t  ,  fo,  ili.io  2,  -  -aie  4  o.d 

which  form  a  fan  and  throw  the  ground  materia!  agaiirti  "b**  <  .0  •  •  .*.<  ''f  tl.  b*  -  >  ;  ifir 

coarser  particles.  The  materia!  is  tlien  sifted  !>y  tlu*  tsor  M.r'.r  tJ  14  | 

by  the  sieves  fall  liack  and  are  regroiind,  vvhiFl  lh«*  f;?;-  iiira*  bi  .b-l- w. 

standards  into  the  recejitaele  below,  and  is  limilly  retnciVrtI  ,4  im  , -v,,  j  i  tj.,-  <  i,-  ■  ij*.-  j 

mills  used  in  the  renumt  industry  is  the  Fuller  Lehig-h  iiiill  f;.; ,  r.  -..m,  i;,d!  »i 

w'hich  halls  are  used  instead  ol  rollers.  It  is  sonietifitr-i  41  fj  1  ^  .b'  jr,,-- 
but  the  manufacturers  only  recommend  it  fckr  the  funner. 

By  far  the  most  common  form  of  finishini^  null  4!  iIh-  fin- nil  iiiiir  ih  ilto  tiib€ 
mill,  which  was  introduced  into  tlie  cement  iinliif4!\  uhimi  iKijs  llih.  i’’'. 
described  under  Manures  on  p.  24.  Atncinb.  the  ixpvs  le.ri!  m  lie- 
industry  may  be  mentioned  the  Davidsen  tube  mill  Krupp's  tube  mill,  and 
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Lohnert's  compound  mill  is  shown  in  Figs.  17,  18.  The  material,  reduced  to  about  the  size  of 
a  hazel  nut,  is  fed  in  through  the  hollow  trunnion  at  the  ball  mill  end,  which  is  lined  with  stepped 
grinding  plates  and  charged  with  steel  balls.  The  coarsely  ground  material  then  passes  through  the 
ports  to  the  coarse  screen,  where  the  larger  particles  are  returned  to  be  further  reduced,  and  the 
remainder  passes  through  to  the  cylindrical  fine  screen  enclosed  in  a  steel  casing  arranged  con¬ 
centrically  with  the  drum.  The  portion  which  passes  through  this  screen  is  conveyed  by  means 
of  shoots  to  the  central  opening  of  a  diaphragm  placed  between  the  two  sections  of  the_  mill  into 
the  tube  mill  portion,  where  it  is  reduced  to  fine  flour,  and  discharged  through  openings  in  the  end 
plate  into  the  dust  casing.  The  tube  mill  portion  is  lined  with  plain  steel  plates,  and  is  supported 
at  the  discharge  end  by  means  of  a  tyre  bearing  on  friction  rollers.  The  mill  is  rotated  by  means 
of  a  spur  wheel  attached  to  the  end  plate  at  the  feed  end.  The  solo  mill  made  by  Messrs  Polysius 
is  somewhat  similar  in  principle. 

In  suitable  cases,  as  when  the  raw  materials  are  fairly  pure  and  of  regular 
composition,  they  are  mixed  in  the  required  proportions  after  drying  and  ground 


Fig.  17. — Lohnert’s  Compound  Mill — External  View. 


Fig.  18. — Ldhnert’s  Compound  Mill — Section. 


together.  In  most  cases,  however,  the  materials  are  passed  separately  through 
the  coarse  grinding  stage  and  stored  in  separate  bins,  from  which  they  are 
withdrawn  by  means  of  worms,  weighed  in  automatic  weighing  machines,  and 
discharged  into  a  conveyer  which  mixes  and  carries  the  mixture  to  the 
finishing  mills.  The  finely  ground  material  from  the  finishing  mills  is  technically 
known  as  raw  flour,  raw  meal,  or  compo.  It  is  conveyed  to  the  storage  bins 
or  silos  by  means  of  spiral  or  other  conveyers,  and  is  tested  on  its  way  for 
fineness  and  composition,  the  necessary  corrections  being  made  in  the  latter  if 
required. 

In  order  to  render  the  composition  uniform  the  contents  of  the  silo  are  kept  stirred  by  means 
of  some  mixing  device.  The  silo  shown  in  Fig.  19  consists  of  a  shell  with  a  hopper-shaped  bottom. 
The  material  is  fed  into  the  cell  by  means  of  a  worm  conveyer  situated  at  the  top,  distributed  by 
means  of  rollers  along  the  trough  of  a  second  spiral  conveyer  situated  at  the  bottom  of  the  silo,  and 
then  returned  to  the  upper  conveyer  by  means  of  an  elevator,  the  process  being  continued  over 
and  over  again 
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When  rotary  kilns  (see  p.  loo)  are  eniployt‘d  the  dry  raw  hour  is  <‘unveyed 
direct  to  the  small  storage  bins  which  supply  the  kilns,  but  wbc-re  stationary  kilns 
(see  p.  103)  are  used  the  raw  hour  from  the  mixing  silos  is  made  into  hij/uc/fos. 


Burning  to  Clinker.  ’'Flu*  mixed  thy  raw  materials  Fio.  m.  Mixing  Siii., 
are  now  heated  to  the  point  of  iiU'ipitiU  fusion  (/.e.,  almost 

to  white  heat)  in  kilns,  d'he  nuKlern  kilns  employed  lor  this  purpose  vaiv  resn 
siderably,  but  they  may  be  (’lassiilcd  under  two  Insuls,  rotary  and  station;iry 


Fl«j.  20.  riuKlic  Brirk«Makit}|*  .Miirhinr, 


or  vertical  kilns,  The  latter  are  usually  of  the  tvfi/mums  upi*,  but 
intermittent  kilns  are  .still  used  in  some  old  works,  d'he  rotary  kiln  is  tin*  most 
popular  type  at  the  ])rest‘nt  tinu‘,  anti  will  therefore*  be  desmibeii  first. 


THE  ROTARY  IvII.X 

The  rotary  kiln  is  the  most  modern  form  of  eemeru  kiln  and  also  the  most 
popular,  especially  in  Ameri<*a,  where  it  is  rapidly  ticeemnng  universal  It  vmiukiH 
essentially  of  a  steel  cylinder,  lined  with  firediriek,  wliieli  is  rapalile  ol  being  slowly 
rotated  about  an  axis  slightly  inclined  to  the  hori/ontal.  d‘ht*  raw  material  e»  fed 
in  at  the  upper  pd,  and  the  fuel  and  air  are  injeeted  at  the  itnver  end.  llie  imrnt 
•clinker  is  also  discharged  at  the  lower  end.  The  raw  matc‘rial  may  be*  preparc*d  by 
wet  or  dry  methods,  but  the  latter  is  usually  employtfd  wlimr  one  or  lioih  c»f  tia* 
materials  is  of  a  hard  nature.  It  is  more  economical  tu  use  a  longer  kiln  when  Wf*t 
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inatfiial  is  employed  tlian  whra 
the  lallor  is  dry,  lua'ausc  the  wasu^ 
gases  can  he  utilised  to  removt^ 
somt^  of  the  water. 

At  the  present  time  thf‘  usual 
length  of  the  eylinder  is  from  too 
150  ft.,  and  the  diam«'tei  is  iViuu 
6  S  ft.,  t!u‘  largt‘st  in  use  hoing 
about  .*50  ft.  long,  aiul  <)  it.  t)  in. 
in  diamet(‘r.  Although  the  e\lin  i 

dels  usually  have  parallel  sales, 
they  are  oerasionalh  matle  tapei 
ing  at  the  end  where  the*  kiln  ettteis  i 

the  flue,  and,  frequently,  one  por 
titni  is  made  of  largm  diainetet  | 

than  tlu*  rest,  as  shown  in  ai. 

Altlitmgli  this  form  cj!  evlitultu’  was  ; 

fust  matie  with  the  simple  ohjet  t  f 

ofutili‘ii]g  two  slum  e\hndeis  o|  | 

dilfrreitt  damieteis,  whi«'}i  would  ‘ 

tulua'wise  have  had  to  he  seiappish  j 

it  has  ht'en  prinfsi  to  give  a  latgei  J 

output  with  a  gteaUu'  emnoun  in 
iiu*!  than  tlie  t»rdinary  parallel  si'lcsl 
Itum,  anti  the  tendenev  t>l  the 
(■linker  in  adheie  to  die  hnitig  is 
alsit  deereased, 

I'ht*  .to-  u*  It. illy  at.iilr  til 

■4er!  |4*Ue  lOfSoi  |u  Iniff  4111I 

liurti  uiih  4  -aht.iMr  la.ifr-tuil, 

%|iH  k  hork  .  su,i\  l»r  tori!  (m  tiiir  I  hr  i  | 

Isitahvrlv  t'MMl  u|*|»rf  rfid  *4  tlir  I 

01  ihui  iinUiMii  iit.iiy  hr  h'!{  niilmfil,  4iit|  | 

e«*ful(i«»n  Itte  Iti.tv  h*’  U  lei  llir  | 

i'eitfl.U  pMilSMU,  hui  |m|  jfjr  I1.4  luWri  »‘il4  ] 

*‘}  Inuiliun  •^“Ur  fitr.r  ttlll  }!►♦!  ifu,  .O,  | 

uuili}*  lu  file  I TU'ftil.igr  «»f  ali-M  | 

tthtiss  fliev  eMitUun,  fltr*%  hrh.ur  4.  ,ifi  ! 

.u  j<i  luw.iuli  the  1*4  4«  «  rturiU  thllfri*  I 

Wlfll  file  uoilll  ill, II  tlie  I1IUI4:  O 

«|e,iu»>r4.  Ill if'ks  rMiinytanu  aheiif  r»|tLil  j 

|<o»|tt»inM|i-i  m|  lihimsfi.i  .tful  •allot  .ufelfrii 

io.r4  |mi  ihi',  |«»fn«»it  m|  file  lifiitiyg,  aeig 

lie  44  laak‘,  tune  hern  rinphaol,  hie  ' 

4Uli»4ti»h  Ilf  4  hifji!\  it.mius  b.u.e  j 

It.l'l  fe  Ur  Krt  411  .r  ‘ 'f  ihr?}  ^ 

Iriidriiey  f*?  1  i,trk  .iu*l  'iljiitsl.  Il.itoilr  \ 

Piii'k''.  !t.nr  .tlse  hmi  u  e.i  im  4  |iiiit!r‘i  j 

r\U*til,  lail  li.nr  ftrs'Si  heiipi  \%e4k  4tiil 

fuahle.  A  «  lifstp  .yal  eJlu  trli^  lilillii* 
viliali  {,  ulirii  n’i.r«l  o  4  *  eueirir  neele 
with  4hMut  ,!  I  of  I'M  a  fuii4  !*ianf  ♦  liakn, 
luai  t  14  pan.  «♦!  tnneiif,  I  hr  diiilr'i 
yuist  trt',  4!  least,  aiiall  riessiUi  !*»  |o-i» 
lliroueJi  ,i  ^irvr  ueli  4  half  it4  l»  imoh 
A  lajri  m|  a.he-aM.  lui .  tHS'4"4Miuilh  t-«rr! 
f*fil|4oyr«l  flir  life  Uiiek's,  t»ii!  llir 

fflaii  is  <*i  *!»4il«nitl  v.tliir,  .imi  ti,o  1*4 

irrriveil  miieli  tavoui.  Ii  r*  ii-aial  n* 

%|ifr4t|  4  iifHirrlitr  Mattn|.*  *4  fhr  diiikr* 

If  p"!!  Mvrr  llie  lifitiig  wlu-ii  lie'*  ^ 

kills  TItr  t*yhfi‘lrr  0  oiinrU  Mfi  tw**  ?•! 

;i|»arf.  The  follrt  loiiih  »*f  lyfe,, 

In,  hill,  ill  oulrf  to  .illow  lot  ihr  r.iafiaoji 
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of  the  latter,  it  is  mure  usual  to  make  them  al)t)ut  3  or  4  in.  larjj;;cr  in  diameter,  ami  to  attarli 
them  to  the  shell  by  means  of  steel  bridge  pieces  supported  on  blocks.  The  ri»llers  ujnni  which 
the  tyres  bear  are  fastened  to  sole  plates.  It  was  formerly  usual  to  employ  two  pairs  ttf  inllers  t»t 
support  each  tyre,  but  the  modern  plan  is  to  use  two  single  rollers  (se<‘  log.  22). 

The  kiln  is  rotated  by  means  of  a  split  toothed  wheel,  which  is  usually  attached  to  the  <’vlimh*r  in 
the  same  manner  as  the  roller  bands,  or  sometimes  by  means  of  tangential  steel  strips.  Tlie 
toothed  wheel  is  actuated  by  a  worm-wheel  tlriven  by  means  of  a  suitable  retluction  |p*aung.  'Fhe 
speed  of  rotation  depends  partly  ujion  the  slope  of  the  kiln— \vhich  may  vary  between  3|  amt  7  per 
cent. — partly  upon  the  nature  of  the  raw  materials,  and  partly  upt>n  the  tliennal  <*«(itditioits  iusitlr 
the  kiln  ;  it  usually  varies  between  20  and  60  revolutions  per  hour.  In  order  to  enable  the  feed,  etc., 
to  be  under  proper  control,  it  is  the  ct)mmon  practice  to  emphjy  some  means  of  regtdating  the 


22. -’Forms  of  Bearing  fttr  Rotary  Kiln. 


speed  at  which  the  kilns  are  driven.  This  may  he  done  hy  means  of  sepantte  motius  piovidrd 
with  eontrollers  for  each  kiln,  hut  it  is  more  usual  to  employ  a  three  speetl  gyar,  t»r  tt>  have  pulleys  of 
different  diameters  on  the  driving  shaft. 

At  the  upper  end  the  cylinder  terminates  in  a  flue  Irmling  to  a  chitnney.  As  the*  kdn  gase  •  are 
heavily  laden  with  dust,  it  is  nece.ssary  to  pass  them  tlirougii  some  foirn  of  dust  ehamher  m  order 
to  collect  the  du.st  before  they  reach  the  chimney.  This  <lu?ii  collector  usually  commas  of  i%vo 
chambers  separatetl  by  means  of  a  wall,  in  the  l>ottom  of  winch  are  openings.  The  gasrs  are 
cau.sed  to  pass  downwards  in  the  first  chamber  and  through  the  ouernngs  into  the  srcoml 
chamber,  from  which  they  pass  to  the  flue  leading  to  tlie  ehimrtey,  Tfte  dust  may  hr  rrniovrd 
from  the  chanther  either  continuously  or  periodically. 

The  apparatu.s  for  the  introductirni  of  the  raw  material  into  the  kiln  k  placard 
above  the  du.st  chamber.  When  the  material  is  prepared  by  the  semi  wet  pruress 
the  slurry  is  pumped  from  the  mixers  into  a  large  storage  tank,  from  wlurli  it 
passes  into  a  small  receiver,  and  hence  along  the  feed'Shoot  into  the  kilns.  In 
some  case.s,  however,  the  large  tank  is  dispensed  with,  but  when  thr  material 
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prepared  by  the  dry  process,  ll^e  Hour  may  !k‘  fed  in  Hum  tin*  stoiage  lauks  by 
means  of  a  worm  conveyer  in  a  watur  jackfleti  case,  as  in  tin*  usual  Anu'tm'an 
practit'e^  or  it  may  be  fcii  by  uumus  i>t  a  wttnn  intu  a  friHiidu  alun;.;  which  it  is 
carried  !))•  meatts  of  knives  or  arms  attaclicd  tu  a  rufatini*  sfiatl.  As  t!ie  material 
travels  along  it  is  wt‘tted  by  means  of  a  petloiated  pipe*  placed  tni-r  the  trmy^h, 
and  finally  falls  in  small  lumps  into  a  sfiool  ieadine,  intu  the  kiln. 

At  the  lower  end  of  tlu*  (‘vlinder  is  the  kiln  hood.  ‘^Uii<  !i  in  mt>drin  {Hants 
is  usually  mounted  on  wheels,  that  it  can  !»e  nm  !>ack  wlien  le  luiieti,  tims 
giving  easy  acevss  to  tlu*  inleiiiU’  of  the  kiln. 

'rite  lHHul  in  tistuilly  luailr  nt  •4ei-l  plilr  iilU'4  uifl.  tiir  aliJ  \\uli  a  UiHt},  tuu 

ov  three  st|Htt  hnles,  ;ut(!  lft«*  butuiity.  ;Ui.u'hniriii 

'Flu*  fuel  used  in  modern  pradiee  i%  alimca  ahui\%  line  biuimimais  tital  tliut, 
though  natural  gas,  prodiu'er  gas,  am!  peltuleum  aie  umhI  Oj  some  I’xtrni.  'The 
coal  must  be  thoroughly  diied  ami  \a*ry  litielv  gruuiitl  su  iliai  it  unl\  !eav»'s  a 
residue  of  about  15  per  c«*nt.  on  a  sieve  t'uiilaiiiini:  iHo  mrshe .  lu  ibr  liiuai  meh. 

As  tills  finely  divitleil  etol  t*  %eiv  r\|4M4\r,  i  ur  \ui ,  ?->  U.'  *  ili'j.  51,  tuislhiu'  if,  .iipI  it 

eanntit  he  suned,  Inil  uittst  !»«'  u,ri!  .i .  .u  a  h.*  -  t'rru  W.Ur.a  au  »1  ♦  raNlin’t*  t* 

ret  puns !  befuie  tliyin|dlas  i .  «  at.illy  e  inirH  «»itf  in  *  »"*•  e  P-;*  .fiurfi'tir.  {||r* 

swin|^d*nv  eiusliei  pH'r  p.  ual  *«{  et.ikLrs.  mi  iIh'  ,.*!!*■•*•  ije.ll  upf'  p  Sim  41s*  e'sts|4M'i, rH,  ‘Hi*' 

cearsely  {‘owiinetl  ru.d  u  then  Hiirtl  in  4  Ciiti’u  e;  1  f  er/.tu  .lualu 


l*l‘-  «*  f  C'n’.ij  I  In  .1  iVisH;?  s 


til  that  ch-4‘nhe»l  en  |t.  K4  ;  if  hr  Ijr.tiril  by  liir.in  .  ..f  Ipr  I.  411  Is  in  'Irr  *  nr 

tty  a  se|nir:ilr  Uiy  *'*.4!  i.  flirn  m  itiiil,  m  Us-.'  -.tinr  4.  fhr*  14%% 

tnateriah*  in  the  dn  piuer^-,  e.rr  pp,  oj  rf  .r./a  thr  .r.ii.C  n.uL  r|Si|4-*\r.|  f  1  flir  |..iti|h»%r  hnnp 

the  (hiltm  mill  {srr  t»,  i|f»|  am!  ihr  h.tll  .ttel  lufr  msll.  i  .rv  yp  ,*4,  iifii 

The  powdered  t'oa!  is  runvrual  ti»  luippeis  plitifl  uwi  ihi-  luwri  nut  of  ilir 
kiiu,  from  wliitdi  if  is  fc’d  by  iiu*aii%  of  a  vaiiable  %prr.|  gisif  info  ilie  Imi  aii 
tube.  In  most  iiiodein  pkiiils  ihf’  tsial  dir4  falls  ihfuiigh  a  ‘Jifiut  pt  ihi^  hoi  ;m 
pipe  at  a  /tine  near  die  kiln  lioutL  l*hr  Imi  an  blasi  e.  iraiallv  oliiaiiu-il  bv  irifsins 
of  a  fan.  The  main  otijiai  of  this  a»  blast  is  lo  ilisprrse  ilif-  «ial  diisi  am!  diiea* 
its  rapid  ignilitm,  the  greater  ptniton  tif  ilm  air  ir»|tiifrd  toi  ihf  coiiibusiioii  bring 
conveyed  into  the  kiln  ihroiigli  ilttMauilrri  by  %vay  of  the  i  liiikrf  dea  liarge  shoo!. 
When  the  kiln  is  started  dir  coal  diisi  is  igniinh  and  dtr  tcitipi-raiiiir  of  die  lowtn 
end  of  the  cylinder  is  raked  lo  while  heal.  As  ihr  urn  iiiaimal  giailti.iliy  tlest'ciuk 
the  kiln  it  first  gives  tqi  any  water  whiefi  may  be  ptrseiii  ,  wltm  alioiii  liall  way 
down  it  evolves  rartioii  tlifixide,  ilirti  brcfiinrs  lusiOul  to  ihr  ilinkeiing  lefiipriatiife 
and  forms  into  litth*  Intlk*  when  it  rrarlirs  ilir  lowrr  ilnnl  ut  ilm  kiln,  aiifl  is  finally 
dkclKirge<l  through  a  shoot  :il  the  lowm  nitl  into  die  cooler. 

lu  fima  Kiuofriiii  iiltiil’i  ihr  tSMifri  }-*  »tii  iiwiiiirsl  rvlifihrf  "ci  ft.  m  |fi}|ph, 

ami  4’5  ft.  ill  Hiaitiripr,  ihr  iiiirrii.i  whirli  e.  pioiiiini  with  sif  *  h.tiuirl  if.m-. 

ihr  rylimlrr  ilir  rliukri  i*.  « lil'tril  iip  \>%  ihr-ir  .m*!  1  ai«r4  h*  hiip  ilifo  hrmu 

rxpimd  l«»  llie  nirrrni  t»f'  .ttr  mhirh  ilifViitgli  ihr  o«4rf-  utt  its  thr  kilii,  I  lir  vw4rf  find 

srryn  ditolmihlr  |mr|j«w  nl  rrnHiwi;  itir  .  Ittikrf  iiii4  hrAisii|»  llir  m  •mpfiH  ni  ilsr  loin.  1  im  t  Milling 
cyllwlcrri  art?siip|»i»iirti  aiid  in  a  aiiiibi  finmurf  iftr  kiln  Hr-*  Sfiiidth  i;si-^.4rf  1 1  Imn/iiitfal, 

ami  is  iurriHimfcil  lor  half  Irugilj  hy  a  w.'*fj4  r^lifiiirr,  Tlir  li.’ii  *  luikrr  f?#i«  p-ivsr*.  ihr^nigh  ftir 
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inner  tube,  and  then  travels  backwards  through  the  annular  space  between  the  cyliiuhas,  after  wlu'rli 
it  is  discharged  into  a  hop])er.  Vertical  coolers  are  very  jKipular  in  America.  "Hie  (tldcr  fonns 
consist  of  a  vertical  tower,  the  interior  of  which  is  provided  with  conical  surfaces.  The  hot  clinker 
is  discharged  from  the  kiln  into  a  pit,  from  which  it  is  raised  by  means  of  an  elevator  to  the  top  <»! 
the  cooler,  in  descending  M'hich  it  is  spread  over  the  conical  surfaces,  ami  thus  exposer!  to  a 
current  of  cold  air  supplied  through  branches  from  a  ('cntral  blast -{upc.  I'bc  clinker  may  also 
be  partially  cooled  by  sprinkling  with  water  as  it  descemls  into  the  elevator  boot.  The  whole  of 
the  heat  given  up  by  the  clinker  is  lost  when  coolers  of  this  tyjrc  art*  useti,  but  a  portion  ol  the  luxit 
may  be  utilised  in  some  forms  of  the  vertical  cooler,  such  as  the  Mosscr  cooler  .slmwn  in  h'iip  24. 
The  cold  air  enters  through  the  central  blast-pipe, 
and  passing  through  holes  arranged  in  rings  at 
intervals  of  5  ft.  along  the  pipe,  enters  the  inner 
cylinder,  where  it  cools  the  clinker.  The  lu‘ated 
air  then  pas.ses  through  holes  in  the  wall  of  this 
cylinder  into  the  outer  one,  from  which  it  is  con¬ 
veyed  to  the  coal  feeil.  The  holes  in  the  blast- 
I)il)e  and  inner  cylinder  are  protected  by  shields  in 
the  manner  shown  in  the  figure.  In  .shaking” 
coolers  the  hot  clinker  from  the  kiln  falls  into 
an  enclosed  inclined  tray,  the  bottom  of  which  i. 
formed  by  a  series  of  steps.  The  tray  is  k«'pt  in 
motion  by  means  of  cams  carried  on  a  revolving 
shaft,  and  the  shaking  motion  thus  imparted  to 
the  clinker  gradually  spreads  it  over  the  steps  and 
carries  it  to  the  lower  end,  whert'  it  is  discharged. 

Cold  air  is  drawn  in  at  both  ends  of  the*  tiay,  and, 
after  cooling,  the  clinker  is  dis(*hnrged  into  the  hot 
ail  chamber  from  which  the  kiln  is  supplietl. 

1110  rotary  kiln  i.s  very  t‘<!onomieul  in 
labour,  but  not  in  fuel,  as  it  re(|uires  from 
30-35  lbs.  of  coal  per  100  lbs.  of  burnt 
clinker.  The  output  (lej)emls  upon  \hu 
size  of  the  kiln,  the  process  by  whit  h  tin* 
raw  materials  artt  prt'pnnal,  the  fusibility 
of  the  raw  mtiteriiils,  the  tjuality  of  tlu* 
coal,  and  the  experience  of  the  burmg'. 

STATIONARY  OK  VERTICAL 
KILNS 

The  old  fashioned  dome  or  bottle 
kiln  resembles  the  common  Hme  kiltg 
but  has  a  conical  chimney  in  (jrder  let 
increase  the  draught.  It  is  tpiite  obsolete, 
but  there  are  several  modifications  still  in 
use  in  some  old  works.  In  the  Johnson 
kiln  (Ikitent  No.  1,583,  1H72),  whu'h  is 
shown  in  Fig.  25,  there  is  a  long  htJrizonlal 
arched  flue  connecting  the  kiln,  whic'.h  is 
of  the  bottU>shaped  type,  tf)  the  some  Ka;.  -4.  M<»s,rr  Wtiie.il  ( \»aer, 

what  lofty  cylindrical  chimney,  lliis  fiiu* 

is  of  the  same  width  as  the  kiln,  and  is  of  sufiwient  Icngtii  to  hold  camugli  wet 
slurry  for  the  next  charge. 

The  somewhat  simihir  Gibbons  kiln  has  two  ur  more  dt>  iiig  ciiamliers  whiefi  are  wirfl  alim 
nately  ;  the  Imt  gases  pass  both  over  and  under  the  wet  slurry,  thus  giving  a  larger  hraiiiig  'aiff.tee. 
In  the  ontcuolor  kiln  there  are  two  arehtal  chanihers  plaectl  om*  above  the  other  with  flitr-j, 
l>eneath  the  lower  tier.  I  he  hot  gaH(*s  fitun  the  kiln  pass  tlirough  the  drying  r!iautf>eis  and  IIuch, 
ihu.s  drying  the  slurry  from  above  and  below,  and  ate  finally  disrhargrcl  {hrsiiigh  a  chimney  at  fh*’ 
rear.  In  many  cases  one  powerful  shaft  is  tnade  to  serve  several  kiltts.  Spackinarya  kiln  i** 
designed  for  the  use  of  slurry  which  is  made  intc»  bricks.  The  kiln  is  of  the  ordinary  form  will, 
a  conical  shaft,  and  a  rectangular  drying  chamk-r  is  arranged  alongside  at  a  eoitvrmrm  hnri  lot 
loadmg.^  The  mouth  of  the  conical  chimney  Is  provided  wiili  a  damper,  wbirh  i'*  rloxrd  when  the 
combustion  IS  nearly  completed,  whilst  the  dampers  of  the  underground  fluex  leading  to  1  1,41^ 
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chimney  are  raised.  These  flues  pass  under  the  drying  chamber,  and  the  hot  gases  enter  the  latter 
through  holes  in  the  floor,  thus  drying  the  contained  bricks,  the  heat  of  the  cooling  kiln  being  quite 
sufficient  for  this  purpose. 

The  Hoffman  ring-  kiln  (described  under  Brickmaking,  p.  218),  was 

originally  introduced  for 
the  burning  of  bricks, 
but  it  is  also  used  for 
burning  lime  and  Port¬ 
land  cement  clinker. 


This  kiln  is  very  econo¬ 
mical  in  fuel,  but  expensive 
in  labour.  It  is  largely  used 
tm  the  Continent,  but  has 
not  proved  very  successful  in 
England. 


I  I  Most  of  the  con- 
"  tinuous  stationary 

Fig.  25. —The  Johnson  Kiln.  kilns  are  very  narrow 

in  proportion  to  their 

height,  and  are  therefore  known  as  shaft  kilns ;  they  are  also  known  as 

stage  kilns  {Etageofen)^  because  they  are  sometimes  divided  into  zones  or 

stages.  These  kilns  are  better  suited  to  the  dry  process  of 

manufacture  than  the  wet,  the  raw  meal  being  made  into 

briquettes  which  are  dried  in  separate  drying  floors  or 

tunnels.  They  are  more  common  on  the  Continent  than 

in  this  country.  In  some  of  the  modern  forms  forced  or  L _ . 

induced  draught  is  employed,  as  this  leads  to  more  rapid 
production  and  greater  economy.  In  this  case  the  chimney 
need  not  be  so  high  as  in  the  older  types  ;  there  is,  however, 
more  risk  of  over-burning  and  fusing  the  clinker. 

A  modern  form  of  the  Dietzsch  kiln  is  shown  in  rv'"- 

Fig.  26,  which  represents  two  kilns  placed  back  to  back,  r  "Or 

this  being  the  usual  arrangement. 

The  kiln  consists  of  four  zones  or  chambers  placed  one  al)ove  the  ’  [  a 

other  and  surmounted  by  the  chimney-shaft.  At  the  top  is  the  pre¬ 
heating  zone  A,  into  which  the  dry  slurry  in  the  form  of  half  bricks  _ 

is  introduced  through  the  loading  eye  E,  and  gradually  heated  to  red-  — 

ness  by  the  hot  gases  as  they  pass  from  the  lower  part  of  the  kiln  on  n  / 

their  way  to  the  chimney.  The  pre-heating  zone  is  inclined  at  its  J  / 

lower  end  towards  the  burning  zone  B,  where  the  fuel  is  fed  in  through  . — B  /  ;; 

the  doors  F.  The  mixture  of  cement  material  and  fuel  is  drawn  down  .  ^  'ji- 

by  means  of  rakes  passed  through  openings  in  the  shaft  into  the  clinker-  p 

ing  zone  C,  from  which  it  passes  into  the  cooling  zone  D,  any  masses  .  ^  f  Y 

which  remain  stuck  to  the  walls  being  pushed  down  by  means  of  iron  '  Q 
tools  thrust  through  the  openings  G.  The  burnt  clinker  in  the  cooling  G~  ^  ^  Tf  fl  ' 
chamber  is  cooled  by  means  of  air  entering  the  grate  H,  and  is  with-  ^  ^  ' 

drawn  at  regular  intervals,  more  raw  material  and  fuel  being  added  ^  — U- 

through  E  and  F  to  take  its  place.  D  i 

The  fuel  is  usually  small  coal,  which  should  be  of  good 
quality,  the  amount  used  being  about  17-20  per  cent,  of  !  '  |  I-  ,4_ 

the  weight  of  the  clinker  produced.  The  output  of  the 

double  kiln  is  from  20-30  tons  per  day.  Fig.  26.— The  Dietzsch 

The  Aalborg  kiln,  shown  in  Fig.  27,  is  of  Danish  origin,  and  is  Kiln, 

now  extensively  used  throughout  the  world.  The  clinkering  zone  is 

considerably  constricted,  and  the  cooling  zone  is  conical  in  section  with  the  larger  diameter 
downwards.  The  raw  material  is  fed  in  at  A,  and  the  fuel  (coal)  through  a  number  of  channels 
which  slant  downwards  so  as  to  enter  the  kiln  below  the  clinkering  zone.  These  firing  holes 
are  closed  by  means  of  iron  covers  when  not  in  use.  This  kiln  is  very  economical,  the  output 
is  from  12-14  tons  per  day,  and  the  coal  consumption  is  only  from  12-15  per  cent,  of 


Fig.  26. — The  Dietzsch 
Kiln. 
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the  weight  of  burnt  cHnhcr.  The  “R”  kiln  is  somewhat  similar  to  the  Aallutrg,  hut  there  aie 
two  pre-heating  chambers  wiili  a  passage  between,  the  fhtor  ot  wliieh  is  perforated  ftir^the  intio 
(luction  of  the  fuel  (small  coal):  these  holes  are  closed  by  covers  when  not  in  use.  I  belt*  air 
also  openings  in  the  walls  of  the  shaft  for  assisting  the  descent  of  flu*  clinker,  d  hr  kilns  me 
arranged  in  groups  surrounded  by  a  kiln  house,  which  usually  has  four  fh>ois  besides  the 
ground  floor.  The  top  floor  is  the  charging  floor,  the  next  is  the  filing  floor  aiid  the  othcj 
two  are  for  gaining  access  to  the  clinkering  and  {'ooling  ^oiuvs.  I'he  juitput  of  this  kiln  is  iH 
tons  ])er  day,  and  the  coal  consumption  about  16  ptu’  cent,  of  the  weight  of  eliids.er  ptodmyd. 
The  Stein  ribbed  kiln  differs  ('onsiderahly  from  tla*  shaft  kilns  already  descnhed.  Ii^  ('cmsists 
of  a  cylinder  from  6  ft.  6  in.  to  S  ft.  in  diatueter,  and  from  in  heigjit,  huilt  up  t*f 

cast-iron  rings  with  channels  on  the  outside.  'Fhe  ('yliiuler 
is  supported  on  short  columns  of  masonry,  and  the  toj)  is 
covered  by  a  conical  iron  hood  furnished  with  hair  lutles, 
which  maybe  closed  by  means  of  doors  for  the  j»urpt>se  of 
•charging.  Above  this  hood  is  the  chimney,  wliit'h  is  prcj 
vided  with  a  damper  at  the  top  in  order  to  regulate  tlu* 
draught.  The  kiln  luis  a  special  form  of  basket  grate  which 
facdlitates  the  ojieration  of  drawing  the  ('linker.  It  is 
claimed  for  this  kiln  that,  owing  to  tlu'  rapid  eo(ding  t»f  the 
walls,  the  clinker  shows  no  tetuleney  to  adhere  to  the  sides. 

The  output  of  a  kiln  of  the  largest  si/t*  is  ah»iul  15- ib 
tons  per  day. 

Among  other  well-known  kilns  may  ht*  nu'ntioned  the 
Schneider,  the  Haiienschild,  and  the  Hotop  kilns,  all  of 
which  possess  some  advantage*. 

Storing  and  Grinding  the  Clinker.  l’Iu‘ 
clinker  may  be  ground  as  soon  as  it  is  cool,  or  it 
may  be  stored  for  a  lime  before  grinding.  In  the 
ctise  of  rotary  clinker,  storing  for  a  period  of  4 

about  two  to  six  weeks  is  somelinu's  rt‘sorted  to 
in  order  to  soften  th(‘  (’linker;  the  effect  of  this 
treatment  deitends,  however,  upon  the  d(‘gree  of 
burning,  and  the  composition  of  the  (dinkcr.  , 


Lowdimed  clinkers  readily  fall  to  p()wd(‘i,  and  th<»‘a' 
which  are  higher  in  alumina  erumhh*  mnre  readily  than 
those  which  are  more  siliceous,  'riie  stoiirig  may  also  he 
carried  out  for  the  purpose  of  having  a  reseive  of  elinkt'r 
uj)on  whieh  to  draw  when  retpiirecl,  or  for  (Jther  reascuiH, 

'Fhc  clinker  from  vertical  kilns  always  con 
taitis  some  under-burnt  find  ovttr-burnt  material, 
the.  former  being  known  according  to  its  coknir 
as  half-burnt,  slack,  or  pink.  Under  burnt 
(•linker  i.s  a  comparatively  soft  rnatt^rial  and  gttner 
ally  has  a  greenish-grey  colour,  but  is  often  yellow 
or  pink,  and  may  even  posse.ss  a  reddi.sh  ca  purple 
tint.  Over-burnt  clinker  is  a  dense,  hard,  noth 
porous  material  with  a  metallic  appt^arance,  atid  is 
generally  of  a  dull  blui.sh-blaek  colour.  Properly 
burnt  clinker  is  a  dark  brown  or  grtjcnish  black,  Kk;.  27.  Anlhtug  Kiln, 

more  or  less  porous  substance,  somc*what  resemn 

bling  coke  in  api)earancc.  before  the  elinker  is  ground  it  is  necessary  itJ  pick 
out  carefully  all  the  undcr*burnt  material,  wlii(’h  i.s  thnmn  aside  to  be-  reburnt. 
The  over-burnt  material  .should  also  be  removed,  Init  this  i.s  of  less  iinporlance,  as 
it  is  merely  an  inert  sub.stanee,  whilst  the  under  burnt  clinker  is  actually  harmful. 
The  clinker  from  rotary  kilns  is  in  tlie  form  of  small  rounded  lumps  whitdi  arc 
nauch  harder,  and  usually  much  darker  in  colour,  than  that  produced  in  V(!riical 
kilns,  and  like  the  latter  it  usually  ('ontains  some  undcT-burnt  and  over4)uriu  male 
rial,  though,  as  the  kiln  is  under  more  complete*  eontrol,  these  should  cmly  exi^4  in 
comparatively  small  amounts. 

It  is  sometimes  necessary  to  add  a  little  gypsum  or  plaster  of  Haris  to  tlir 
•clinker  in^  order  to  regulate  the  .setting  time,  lliis  is  especially  the  case  wuh 
rotary  clinker,  which  sets  almost  instantaneou.sly  if  it  is  ground  as  it  (amass  from 
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the  coolers  without  any  further  treatment.  The  setting  time  may  also  be  regulated 
by  watering  the  clinker,  or  a  combination  of  the  two  methods  may  be  employed. 
The  clinker  from  vertical  mills  is  first  crushed  to  about  the  size  of  a  hazel  nut 
in  a  coarse  crushing  machine.  The  crushed  material  is  then  ground  fine  in  the 
ball  mill,  followed  by  the  tube  mill. 


In  Germany  a  sieveless  ball  mill  has  been  recently  introduced,  in  which  the  finer  particles  are 
removed  from  the  mill  almost  as  soon  as  they  have  been  produced  by  means  of  a  selector  siftings 
machine.  The  output  of  this  mill  is  said  to  be  about  20  per  cent,  higher  than  that  of  any  other 
type  for  cement  of  standard  fineness,  or  a  superfine  cement  known  as  selector  cement  may  be 
prepared  at  the  same  cost  as  ordinary  Portland  cement.  This  cement  is,  of  course,  in  no  way 
superior  to  any  other  Portland  cement  ground  to  the  same  degree  of  fineness. 

Rotary  clinker  is  usually  small  enough  to  go  straight  to  the  grinding  mills  without  any 
previous  crushing,  and  is  therefore  usually  conveyed  by  means  of  shaking  or  tray  conveyers  from 
the  cooler  to  an  elevator,  which  delivers  it  to  the  hopper  of  the  grinding  mill  or  to  the  clinker 
store.  It  is,  however,  sometimes  necessary  to  pass  it  through  the  crushing  rolls  in  order  to  crush 
any  large  balls  which  it  may  contain,  or  these  balls  may  be  separated  by  means  of  a  coarse 
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sieve  or  grid  placed  at  the  end  of  the  cooler.  On  account  of  its  extreme  hardness  rotary 
clinker  is  more  difficult  to  grind  than  that  from  vertical  kilns.  The  tube  mill  is  .especially  suitable 
as  a  finishing  mill  in  the  case  of  rotary  clinker,  as  it  offers  a  ready  means  of  regulating  the  setting 
time  by  adding  steam  during  grinding.  This  method,  which  is  due  to  Bamber,^  consists  in 
passing  steam  under  a  suitable  pressure  into  the  mill  through  the  hollow  trunnion  at  the  feed  end  ; 
the  time  of  setting  of  the  finished  cement  will  depend  upon  the  pressure  of  the  steam  admitted. 

When  edge-runners  are  employed  for  grinding  the  clinker  the  ground  cement 
is  conveyed  from  the  mills  to  an  elevator  which  raises  it  to  the  sieves,  by  which 
the  coarser  particles  are  retained  and  returned  to  the  mills  for  further  reduction, 
whilst  the  fine  flour  passes  on  and  is  conveyed  to  the  warehouse,  where  it  is 


deposited  in  bins  or  silos.  The  sieves  used  are  of  various  kinds  and  shapes. 
Revolving  sieves  which  are  circular,  hexagonal,  or  octagonal  in  cross  section  are 
often  used,  as  are  also  flat  shaking  sieves.  Air  separators  are  often  employed 
instead  of  sieves  for  separating  the  cement,  and  their  use  is  rapidly  increasing. 
The  air  separator  is  described  under  Manures,  p.  28. 

Storing  and  Packing. — The  finished  cement  is  conveyed  by  means  of 
elevators  and  conveyers  to  the  storage  bins  or  silos,  where  it  is  usually  kept  for  a 
few  weeks  before  packing. 


^  H.  K.  G.  Bamber,  Trans.  Concrete  Inst..,  1909,  I,  106,  132. 
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wcirks  in  this  ccmntry  rmpluy  ilie  <»!  uhitii  luv  levd  with  the 

Unwiing  pliufurni,  uml  the  crntciit  dug  t»ot  ftniii  iIii-m*  jtiid  l-y^ltand.  In  s«niu‘  (‘untinental 

works,  siUw  with  hopper ’sluipt'd  hottoins  mv  used,  ii%  hIiowu  in  I’ig.  J.H.  Tlir  rniirnt  is  discharged 
througli  u  .spout  into  surks  tu  harirls  plac-rd  firiiratli,  llir  parkiitg  oftm  bring  dt iuc  by  nirans  of 
aiuotnaiic  machines.  In  nu^st  Anunirnn  woiks  ihr  silo-*  h.i%r  slightly  sloping  thnn's,  and  auto¬ 
matically  dischaige  their  rontmts  intii  a  comnioii  luiiiirl.  1  hr  crnirtii  is  tian\initt<Hl  Ity  means 
of  a  screw  conveyer  placetl  in  the  tunnel  |o  the  i-utlfiig  jooiii,  where  it  i.  ehnaSeil  to  a  hopper 
beneath  wliieh  the  aultunatir  tilling  mm  hines  air  aii.ingml.  I'oiilaiid  rrment  t'.  paeketl  in  saeks 
or  barrels,  shaking  machines  idteu  being  emphweil  in  ^•ld^^  to  riisiiir  the  crnu’iit  being  well 
shaken  thnvm 

Dust  Collectors.'  As  ttiiglu  he  fxpcrtrtl,  a  l.irgt*  aiiiuiifit  «»f  tiust  is  generated 
at  ttiost  nf  the  stages  nf  tile  premess  of  renieni  iiKiiuitaeuirr,  and  as  this  dust  is 
not  very  ohjeetionahle,  hut  rt'pfesenis  a  roiisideiahle  finaneial  loss,  it  is  very 
advantageous  to  eallerl  it  hy  some  means.  Expansinn  c'luimhers  are  the  only 
means  available,  for  separating  the  duHi  from  gases  at  a  liigli  tempm'ature,  as 
in  the  rase  of  the  air  from  the  tlriers,  kilns,  uikI  vnalvt^  d*hey  may  also  he  used 
for  collecting  the  dust  from  die  crushing  and  gtimling  nulls,  hut  iilteis  and  collectors 
depending  upon  centrifugal  foria*  aie  also  nitployeiL  In  ilie  first  ease  the  air  is 
usually  drawn  hy  means  of  a  Ian  llirough  one  or  of  riolh  held  in  liglit 

frames.  Often,  as  in  the  c'ase  of  the  Btth  dust  collector,  shown  in  Fig.  29,  the 
filters  are  in  the  form  of  c'ylimlricid  hlerves,  which  are  auiomaliciilly  eUmned  of 
adhering  dust,  iuk!  somidimes  the  filtei  itself  is  raustal  to  irvolve.  Hiose  eolkclors 
which  depend  upon  iamtrifuga!  ftnoe  are  less  salisfachity  lliari  the  dust  fillers. 

Weighing  Machines  I’hr  u'm  nl  wrjglyiig  41  \41tMtr**  ’4it|»r»4  nf  ilir  muinificuire 

ef  murtU  h  imiiHprilMlbk?  in  mmlrOl  poirinr.  'riir".r  4ir  Nlfrn  ihr  'lirrl  y4til  iyitc,  such 
as  the  ludimiry  plaihum  wrightnu  mmliiitr,  tu  fiir  tit«p|iri  wrigliiiig  tititiliiiir,  in  wiiirh  the 
material  i*i  fed  mtt»  tlir  iiiipirr  iiiitii  ihr  frifiiimi  b%itl  r»  i4u»4iiirih  whfii  it  c*  di'wluirgrd 
hy  meaiis  of  a  lever  wlucli  t»|iro4ir’i  nii  ilir  iltfoi  in  ihr  bMiiniii  of  ihr  Itopp^u-,  In  iwiHt  ruM's, 
however,  uutomutlc  wriglirr^  iitr  In  Ir  feromtiiriidriL  Avefy*s  «ntoro*li€  hopper  weigher  k 
much  xtsnl.  The  rotating  weigher  itiul  itir  ilakt  Deniioii  awtomatk  weighers  uic  uKo  good 

muchiiie*i, 

Aiitomutic  Wfighiiip,  mitt  ;ur  alw»  rfii|i|o>rti  fiu  \<kri|diiii|!  the  tmiirfCil  «iit»  or  lnirrcK* 
In  Simon’s  diistlcsi  «ck  filler  and  wtigliing  mmchitit  itir  wk  i'»  aiiailini  lo  a  mink  which 
is  Jiu,s|irndrd  from  one  anii  of  llir  Imkrirr  brum,  wiid*»i  ilsr  .or  ?’iii%|irtidril  llir  ollirr. 

On  wtirking  n  lever  tlir  ftllliig  opriuthm  rnfniiirntrv,  iinl  as  *fMii  m  ilir  nark  ihr  rr«|iilrecl 

amount,  the  supply  K  miituiHiliriilly  ml  off,  lAuir  bii|p»  |ri  mnniir  rati  be  lillrti  wtili  ltd%  murliinr. 
An  auiomaiic  filling  inarliinr  m  itb»»>  lui  llir  itmtkri 

Composition  of  Portland  Cement.  Althoiigli,  iw  mmtl  on  p.  KK.J'ort’ 
land  cement  may  In*  inatlc  trciiii  a  great  variety  of  raw  niairrials,  tin*  composilion  of 
tlie  finished  product  m  priicikally  roiiHtfiiit  I1ic  emeniial  ronstiliiciili  are  lime, 
alumina,  and  silica  ;  Icis  impciriAiii  c*ftiii|i«ncfili  are  iiiiigriritii,  tixid«*  of  iron,  anci 
the  alkalis,  whilst  sulphur  is  matitlly  fruinil  in  ijiiiirititiei,  tiring  either  derived 
from  the  raw  mulcritds  or  the  furl,  or  ittlclcd  iiilrniionully  in  the  ftiriii  of  gypsum 
or  plaster  of  Fari%.  C,!iirboii  cJicixicie  aiicl  mitier  dti  ricit  exiit  in  any  notable 
ouaniiiy,  except  in  old  or  iiiiprciperly  liiirnt  It  in  iiHttally  stated  tliiit 

there  should  lie  no  free  lime  preitmt,  or  the  cciiiriil  will  **  hlciw  ”  itncl  cliiiniegrate 
after  setting,  hut  it  is  very  tniprcilithle  that  firdiiiiiry  fret*  limi?  evt?r  found 
in  true  Portland  cement.  Acrorcling  to  the  llriii^lt  Stiiiidarc!  Spetification  for 
Portland  cement  (1915),  the  proporticin«  of  liinc  to  silirit  and  aliimiiia  (cidciiluted 

in  rhemteal  equivalenli)  muil  not  he  greater  iliiiii  the  rittici  2.85,  or 

HiC  I.,  4-  ALiC  Kj 

less  than  the  ratio  ""  2,0,  and  acTfiriliiM  lo  the  C#ermiin  “Keirmen”  the 

SiC).,  4  Al/ 1.| 

ratio  of  lime  to  silica  and  alumina  must  not  be  less  ihiiti  1.7,  the  riitio  being  based 
on  actual  wtughls. 

Magaetia  b  nrtrly  ulwiiy*!  iirrvni  in  minrtifiiSi  flrrivtil  fnuii  itie  mw  intleriiik. 
Free  nit|iic%ia  l#t’lmye%  iii  a  Hifutliir  iiiaiiiier  l«  tree  linir,  but  niticli  vhiwly,  ilie  llwie 

tifUig  prti|Kiriitifiiil  lo  ilir  {«ii|miltirr  ti*  whirti  ittr  rimlriitil  tiRi  l«rw  ifi  the  kiln, 

Magnciia  cc»fiilfine»i  wiiti  iiiheii  iiiwl  aliiiiiiiiit  l*i  %iiirnir%  ariil  tltifiiiiiiir^  liaiikr  l«  llie  ciarri* 
pcmillrig  fticiwfit  cwwpuiriiK,  but  wltiili  beniiiir  liydfairfi  iitiicli  m  limt  a  eemeni  con* 
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sisting  of  a  mixture  of  calcium  and  magnesium  silicates  and  aluminates  is  likely  to  .suffer  diNruption 
after  setting.  According  to  Messrs  Newberry^  the  silicates  and  aluminates  of  magnesium  possess  nu 
hydraulic  properties,  and  magnesia  is  incapable  of  re{)laeing  lime  in  cement  mixtures.  'Hu*  British 
Standard  Specification  (1915)  does  not  permit  more  than  3  per  cent,  of  magnesia  in  Bmlland  cement, 
whilst  the  (lerman  “  Normen  ”  allows  as  much  as  4  per  cent. 

Portland  cement  owes  its  colour  to  the  oxides  of  iron  which  it  contains*.  At  the  clinketing 
temperature  these  combine  with  the  lime  to  form  ferrites  which,  ac'cording  to  Le  Chatelier,  slakr 
and  decompose  in  the  presence  of  water,  but  do  not  set.  If  any  calcium  sul[)bide  shouhi  be  pieseiit 
in  the  cement,  thi.s  reacts  with  the  iron  compounds  with  the  formation  of  ferrous  sulphide,  which  is 
afterwards  oxidised  to  ferrous,  and  finally  to  ferric  oxide. 

The  only  alkalis  usually  found  in  Portland  cement  are  soda  and  potash,  which  are  ntaiitly 
derived  from  the  clays  and  clay  shales.  They  arc  usually  pnssent  to  tlie  t'xtent  of  about  o.  51  pet 
cent,  in  the  form  or  silicates,  some  of  which  are  soluble  in  water,  aitd  may  ibercftne  play  an  im¬ 
portant  part  as  carriers  of  silicic  acid  during  the  setting  of  cement. 

The  sulphur  in  Portland  cement  is  derived  partly  from  the  I'ak'ium  sulphate  and  ioas  pyrites 
(iron  .sulphide,  FeS.j)  present  in  the  clay  and  clay  shales,  and  partly  from  the  fuel.  In  uddiiiun  to 
this  sulphur,  a  small  amount  of  calcium  sulphate,  in  the  foritt  of  plaster  ttf  Paris  or  gy{>sutti, 
is  frequently  added  after  calcination.  The  British  Standard  S[H*eification  (tt)t5)  uIIowh  u 
maximum  of  2.75  per  cent,  of  sulphur  Irioxide  (sulpimrii-  anhytlritle,  S(  f  »ermmt 

‘‘Nt>rmen”  fixes  the  limit  at  2.5  i>er  cent.  The  actioit  of  these  .small  anamnts  cd  addeil  calcium 
sulphate  is  beneficial,  as  it  retards  the  selling  of  the  cenumt,  which  wtuild  otlaawisc  be  t  to  rapitl 
In  larger  amounts  it  is  injurious,  partly  because  it  is  a  much  softer  substance  than  cetnenl,  ami 
partly  because  it  is  liable  to  be  waslasl  out  of  the  mortar  on  acctmnt  ttf  its  in»mpajuti\c  sttlubibiy  in 
water.  The  presence  of  sulphur  in  the  raw  materials  is  always  <»!»|ect iouable,  because  it  leads  to 
the  formation  of  calcium  siilphtealuminatc,  which  is  higlily  expansive,  and  also  because  <»l  tis 
tendency  to  become  rtuluced  to  sulplude  in  lltc  kiln.  Thus,  calciimt  sulphate  is  liable  to  bei'ome 
reduced  to  ealeium  sulphide,  which  then  ileeouipohcH  the  irtm  comp«nmils  with  the  lormatiun  ot 
iron  sulphide. 

The  following  are  typical  analyst^  of  Piirtlaml  cement  ; 


Nn.  I.*’  K.n  a.  I  Xu,  j. 


j  Lime 
j  Silica  ■ 

Alumina 
Ferric  oxide 
Magnesm 
Alkalis 

Sulphuric  anhytlride 
I  Water  ami  carlnm 
j  Dioxide 
j  In.s«>luble  residue 
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The  properticxH  of  Porlkmi  cement  do  not,  however,  ikqitntd  ho  much  on  ihe  proportloriH  of'  tin* 
constituentH  mentioned  above  an  on  their  slate  of  comtnnadon,  and  11  |rimt  tleai  of  work  has  heen 
done  on  the  compoHilicur  of  cenient  clinker  and  the  proccMs  of  Hetting  mid  luirdening,  Ai  fin? 
clinkping  tenqierature  lime  combines  with  silica,  alumina,  and  oxide  of  iion  to  form  ndrium  stllcates, 
aluminates,  ami  perhaps  alumino-silleates,  fiuc;h  as  - 


Tricaldum  Htliciite  ?  ^ 

Tr i  cid  c  i  u  m  sd  u  m  i  n  a  t  e 
Tricalcium  alumino  ferrite 
Dicalc.ium  silicate 
Dicalciiun  alumlnatc 
Monocalcium  silicate 
Monocalcdurn  aluminate 


jCkthSiCXo'* 

jt  aO  Al.pj. 
J(kr).Al.,0|.  FeJ 
2(  aC).Si("K.. 

3(:a<  KAUl,, 
CatXHitC. 

(  aD.AU'i  J, 


The  first  three  of  the  above  mentioneil  compoiindx  were  unii!  recently  considered  to  be  tin*  itiicii 
important  constituents  of  good  Portland  cement,  but  thk  view  law  liad  to  la?  eoniltleriibly  modifital, 
and,  indeed,  the  existence  of  tricalclum  silicmte  k  somewhat  doubtful.  Aecortlinn  to  L«  Chatelkr* 
who  was  one  of  the  earliiisl  investigators  in  this  field,  trietilctum  silicate  is  the  constituent  to  which 


*  S.  B.  and  W.  II.  Newberry, Sao,  Chm,  /w/.,  iHq/,  16, 

^  Privately  communicated  by  Messrs  The  Aisodated  Portland  Cement  Manufacuireis  |  tc|oo)  Li*!, 
Le  Chatelier,  CVw//.  mu/,,  1SII2,  94,  1167,  lEHj,  1056;  r/cr  d/iwi,  1HK7  fil, 

34S  *  **  Sur  la  Constitution  des  Mortiers  IIydrauUc|ues,**  1904, 
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the  hardening  of  Portland  cement  is  due.  It  cannot  be  formed  by  the  direct  combination  of  lime 
and  silica,  but  is  produced  in  the  cement  clinker  by  the  fusion  of  lime  and  silicate.  The  dicalcium 
silicate  forms  twinned  crystals,  which,  owing  to  the  unequal  contraction  of  the  opposed  faces, 
separate  on  cooling  and  thus  cause  the  spontaneous  disintegration  of  cement  clinker,  whilst  mono¬ 
calcium  silicate  is  unacted  upon  by  water,  and  therefore  can  have  no  effect  upon  the  hardening  of 
cement.  The  initial  setting  of  cement  is  principally  due  to  tricalcium  aluminate,  but  also  to  di- 
and  monocalcium  aluminates,  as  all  three  compounds  set  in  water.  These  views  were  generally 
accepted  until  recently,  although  S.  B.  andW.  B.  Newberry^  found  that  when  powdered  tricalcium 
aluminate  was  mixed  with  water  it  cracked  after  setting  and  completely  disintegrated  when  immersed 
in  water.  They  also  claimed  to  have  prepared  tricalcium  silicate  by  the  direct  union  of  lime  with 
silica.  According  to  these  investigators  the  most  important  constituents  of  Portland  cement  are 
tricalcium  silicate  and  dicalcium  aluminate.  More  recently,  however,  Day  and  Shepperd  ^  have 
shown  that  tricalcium  silicate  cannot  be  prepared  from  lime  and  silica  alone,  and  that  calcium 
oxide  occurs  in  cement  in  a  crystalline  form,  in  which,  although  not  indifferent  to  water,  it  is  much 
more  slowly  acted  upon  than  the  ordinary  amorphous  variety.  They  consider  that  the  substance 
obtained  by  Messrs  Newberry  consisted  of  a  solid  solution  of  calcium  oxide  in  dicalcium  silicate. 
The  same  investigators  together  with  Rankin  have  shown  that  probably  the  only  calcium  aluminate 
occurring  in  Portland  cement  is  the  tricalcium  salt,  3CaO.  Al20y.  Shepperd,  Rankin,  and  Wrig-ht  ^ 
have  since  found  that  tricalcium  silicate  can  be  obtained  by  adding  alumina  to  a  mixture  of  lime 
and  silica,  but  that  it  is  unstable  at  its  melting  point,  and  neither  takes  up  calcium  orthosilicate  nor 
lime  in  solid  solution,  nor  forms  eutectics  with  these  compounds.  The  composition  of  cement 
clinker  has  also  been  investigated  by  means  of  the  microscope  by  methods  similar  to  those  employed 
in  metallography.  At  least  four  different  kinds  of  crystals  have  been  observed,  for  which 
Tbrnebohm  has  proposed  the  names  “  alite,”  “belite,”  “celite,”  and  “felite”  (see  p.  125). 
According  to  Richardson®  cement  clinker  should  be  regarded  as  an  alloy.  In  the  case  of  pure 
cement  the  “  alite”  is  a  solid  solution  of  tricalcium  silicate  in  tricalcium  aluminate,  and  the  “  celite  ” 
a  solid  solution  of  dicalcium  silicate  in  dicalcium  aluminate,  whilst  commercial  Portland  cement  is 
a  more  complex  alloy  containing  compounds  of  iron  oxide  and  lime  corresponding  to  the  aluminates. 
The  magnesia,  alkalis  and  sulphuric  anhydride  are  regarded  as  non  -  essential  constituents. 
Rohland®  considers  that  the  hardening  of  cements  also  consists  in  the  formation  of  solid  solutions, 
or  adsorption  compounds,  whilst  Rebuffat'^  attributes  the  hardening  mainly  to  the  hydration  of  the 
calcium  orthosilicate.  According  to  W.  and  D.  Asch  there  is  not  one  Portland  cement,  but  a 
number  of  closely  allied  cements  consisting  of  the  calcium  salts  of  highly  complex  alurhino-.silicic  acids. 
From  the  results  of  a  thermal  investigation  of  the  quaternary  system,  CaO  -  Si02  -  AI2O3-  Fe203, 
Janecke  ®  concludes  that  ferric  oxide  only  occurs  in  combination  with  lime  and  does  not  form  solid 
solutions,  and  that  a  single  ternary  compound  is  formed  of  the  composition 

8Ca0.2Si02.Al203* 

lie  regards  this  compound  as  being  identical  with  “alite,”  and  considers  that  its  existence 
explains  why  the  presence  of  alumina  is  necessary  in  Portland  cement.  Finally,  he  concludes  that 
“  belite  ”  probably  has  the  composition  2Ca0.Si02,  “celite”  the  composition  3Ca0.Fe203j  and 
“  felite,”  which  is  often  absent,  the  composition  CaO.  'Janecke  and  Shumann®  found  that  the 
compound  8Ca0.2Si0o.Al203  forms  the  principal  component  of  Portland  cement  clinker,  in  which 
it  is  readily  detected,  but  according  to  Rankin  and  Wright,^®  Janecke’s  supposed  compound  is  really 
a  mixture  of  calcium  silicates  and  aluminates,  containing  at  the  ordinary  temperature  the  compounds 
3Ca0.Si02,  2Ca0.Si02,  and  3CaO.Al203. 

In  1893  Michaelis  suggested  that  the  hardening  of  calcareous  hydraulic  cements — including 
Portland  cement — was  mainly  due  to  the  formation  of  colloidal  calcium  hydro-silicates.  This  theory 
was  disregarded  by  most  cement  chemists  for  some  years,  but  is  generally  accepted  at  the  present 
time  as  it  is  strongly  supported  by  a  considerable  amount  of  experimental  evidence.  Michaelis  has 
also  shown  that  the  strength  of  the  hardened  colloid  is  increased  by  the  crystallisation  of  calcium 
hydro-aluminate  and  hydro-ferrite,  and,  when  sufficient  gypsum  is  present,  of  calcium  sulpho- 
aluminate.  Ambronne^^  has  shown  that  when  a  little  powdered  cement  is  mixed  with  water  under 
suitable  conditions  the  formation  of  a  gelatinous  coating  around  the  cement  grains  can  be  observed 


^  S.  B.  and  N.  B.  Newberry,  Soc.  Chem.  Ind.^  1897,  16,  887. 

^  Day  and  Shepperd,  Carnegie  Inst.  Publ.,  1906 ;  Amer.  J.  Sci.,  1906  (4),  22,  265. 

®  Day,  Shepperd,  and  Rankin,  Amer.  J.  Sd.^  1909  (4),  28,  293. 

Shepperd,  Rankin,  and  Wright, y. Eng.  Chem.,  I9ii>  3*  211  ;  Zeitsch.  anorg.  Chem., 
1911,  71,  19. 

®  Richardson,  Tonind.  Zeit.,  1903,  27,  942. 

®  Rohland,  Zeitsch.  Elektrochem.,  1904,  10,  893;  Zeitsch.  Chem.  Ind.  Kolloide,  19x1,  9,  21. 

Rebuffat,  Gazzetta,  1898,  28,  ii.  209. 

®  J'anecke,  Zeitsch.  anorg.  CHem.,  1911,73,  200;  1912,  76,  357. 

®  Janecke  and  Shumann,  Zeitsch.  anorg.  Chem.,  1912,  74,  428. 

Rankin  and  Wright,  Zeitsch.  anorg.  Chem.,  1912,  75,  63. 

Michaelis,  Chem.  Zeit.,  1893,  17,  982;  Cement  and  Eng.  Hews,  1907,  19,  140;  1909,  2I, 
298  and  338. 

Ambronne,  Tonind.  Zeit.,  1909,  33,  270. 
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under  the  microscope-  Rohland^  and  Stern  ^  have  shown  that  the  colloidal  constituent  in 
hardened  cement  can  be  dyed  by  immersion  in  a  dilute  solution  of  an  eosin  or  other  dye. 
Keiserman  ^  has  more  recently  investigated  the  specific  absorption  capacity  of  the  chief  constituent 
of  cement  for  a  number  of  dyes,  and  finds  that  patent  blue  is  the  best  for  the  detection  of  alumina, 
alcoholic  anthropurpurin  for  free  lime,  a  solution  of  methylene  blue  in  acetic  acid  for  combined 
silica,  and  a  neutral  methylene  blue  for  free  amorphous  silica.  Employing  this  staining  process, 
this  investigator  has  made  a  microscopical  examination  of  cement,  from  the  results  of  which  he 
concludes  that  Portland  cement  clinker  is  a  conglomerate  of  dicalcium  silicate  and  tricalcium 
aluminate,  the  presence  of  alumino-silicates  being  considered  improbable.  The  proportions  in  which 
the  constituents  exist  in  the  clinker  correspond  to  the  formula 

4(2Ca0.Si02)  +  sCaO.AlsOs. 

The  hardening  of  the  cement  is  due  to  the  dicalcium  silicate  being  started  by  the  formation  of  fine, 
needle-shaped  crystals,  which  are  embedded  in  and  cemented  by  the  surrounding  colloidal  mass. 
The  tricalcium  aluminate  accelerates  the  process  of  hydration  but  does  not  contribute  towards  the 
hardening  process.  Michaelis^  takes  exception  to  Keiserman’s  formula  but  otherwise  agrees  with 
his  view  and  points  out  that  tricalcium  silicate  had  long  since  been  shown  to  have  no  existence,  and 
that  the  presence  of  free  lime  in  solid  solution  in  the  dicalcium  silicate  had  been  established  beyond 
doubt. 

From  what  has  been  said  above,  it  will  be  obvious  that  the  composition  of  Portland  cement  and 
the  phenomena  of  setting  and  hardening  have  not  been  finally  settled,  and  that  much  more  research 
is  required  before  the  conflicting  theories  can  be  reconciled.  On  adding  water  to  the  cement  the 
“alite”  is  partly  decomposed,  the  calcium  aluminates  being  attacked  first,  and  the  supersaturated 
solution  thus  obtained  deposits  tricalcium  aluminate,  partly  in  the  form  of  crystals  and  partly  in  the 
form  of  a  colloid.  The  calcium  silicate  is  much  more  slowly  attacked,  and,  owing  to  its  insolubility, 
separates  from  solution  as  a  colloid  which  forms  a  gelatinous  coating  around  each  cement  grain. 
The  hardening  of  the  mass  is  brought  about  by  the  gradual  desiccation  of  the  colloid,  and  is  increased 
by  the  adsorption  of  the  lime  liberated  during  the  hydrolysis.  This  view  is  supported  by  the  fact 
that  when  hardened  cement  is  polished  and  etched  it  is  found  to  consist  of  a  number  of  grains  of 
unaltered  cement  clinker  embedded  in  a  matrix,  the  colloidal  nature  of  which  is  shown  by  its  power 
of  absorbing  dyes. 

According  to  Rohland  ®  the  part  played  by  gypsum  or  plaster  of  Paris  in  the  setting  of  Portland 
cement  is  that  of  a  catalyst.  Other  salts  may  be  used  instead  of  calcium  sulphate  in  order  to 
modify  the  setting  time,  and  those  salts  which  accelerate  the  hydration  of  pure  lime  also  accelerate 
the  setting  cement,  whilst  those  which  retard  the  hydration  of  the  one  also  retard  the  setting  of  the 
other.  Also  when  two  salts  which  have  an  accelerating  effect,  such  as  sodium  carbonate  and 
aluminium  chloride,  are  used  together,  the  effect  is  greater  than  the  sum  of  their  individual  effects 
when  used  separately,  and,  on  the  other  hand,  when  two  salts  which  have  a  retarding  effect,  such  as 
potassium  dichromate  and  borax,  are  allowed  to  act  together,  the  retardation  obtained  is  less  than 
the  sum  of  their  individual  effects.  H.  K.  G.  Bamber®  has  shown  that  the  retarding  effect  of 
gypsum  passes  off  when  the  cement  to  which  it  has  been  added  is  stored,  but  that  the  retarding 
effect  obtained  by  passing  steam  into  the  tube  mill  during  grinding  is  much  more  permanent. 

Adulteration  of  Portland  Cement. — The  adulteration  of  Portland  cement 
was  at  one  time  somewhat  extensively  practised.  The  choice  of  adulterants  was 
limited,  as  only  very  cheap  substances,  which  resembled  Portland  cement  in  colour 
and  general  appearance,  could  be  used  ;  the  most  usual  materials  employed  for  this 
purpose  were  Kentish  rag  (a  siliceous  limestone)  and  blast  furnace  slag,  but 
other  limestones,  sandstones,  old  fire-bricks,  etc.,  were  also  used.  Such  adulteration 
is  rare  at  the  present  time,  at  least  so  far  as  British  and  German  cements  are 
concerned,  and  the  most  serious  fraud  is  the  substitution  of  cheap  Belgium  natural 
cements,  or  slag  cements,  for  Portland  cement. 

Action  of  Sea  Water  on  Portland  Cement.— Sea  water  has  sometimes 
been  found  to  have  a  deleterious  action  on  Portland  cement.  This  was  early 
attributed  to  the  dissolving  out  of  some  of  the  lime  from  the  cement,  and  the  pre¬ 
cipitation  of  salts  of  magnesium,  and  later  on  was  considered  to  be  due  to  the 
formation  of  sulpho-aluminates.  According  to  Rebuffat,^  however,  when  cement  is 
immersed  in  sea  water  sulpho-aluminates  are  only  formed  to  a  very  slight  extent. 


^  Rohland,  Zeitsch.  anorg.  CTiem.^  I907>  56,  46- 
2  Stern,  Zeitsch.  anorg.  Chem.^  1909,  63,  160. 

^  Keiserman,  KolL  Che7n.  Beihefte,  1910,  I,  423  ;  Cement  and  Eng.  News,  19  ii,  23,  6  and  56. 
^  Michaelis,  Cement  and  Eng.  News,  1911,  23,  61. 

®  Rohland,  Zeitsch.  Angew.  Chem.,  1903,  l6,  622;  1906,  19,  327. 

®  H.  K.  G.  Bamber,  Trans.  Concrete  Inst.,  1909,  1,  106  and  132. 

Rebuffat,  Gazzetta,  190 1,  31,  i.  55. 
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the  hardening  of  Portland  cement  is  due.  It  cannot  be  formed  by  the  direct  combination  of  lime 
and  silica,  but  is  produced  in  the  cement  clinker  by  the  fusion  of  lime  and  silicate.  The  dicalcium 
silicate  forms  twinned  crystals,  which,  owing  to  the  unequal  contraction  of  the  opposed  faces, 
separate  on  cooling  and  thus  cause  the  spontaneous  disintegration  of  cement  clinker,  whilst  mono¬ 
calcium  silicate  is  unacted  upon  by  water,  and  therefore  can  have  no  effect  upon  the  hardening  of 
cement.  The  initial  setting  of  cement  is  principally  due  to  tricalcium  aluminate,  but  also  to  di- 
and  monocalcium  aluminates,  as  all  three  compounds  set  in  water.  These  views  were  generally 
accepted  until  recently,  although  S.  B.  and  W.  B.  Newberry^  found  that  w’hen  powdered  tricalcium 
aluminate  was  mixed  with  water  it  cracked  after  setting  and  completely  disintegrated  when  immersed 
in  water.  They  also  claimed  to  have  prepared  tricalcium  silicate  by  the  direct  union  of  lime  with 
silica.  According  to  these  investigators  the  most  important  constituents  of  Portland  cement  are 
tricalcium  silicate  and  dicalcium  aluminate.  More  recently,  however,  Day  and  Shepperd  ^  have 
shown  that  tricalcium  silicate  cannot  be  prepared  from  lime  and  silica  alone,  and  that  calcium 
oxide  occurs  in  cement  in  a  crystalline  form,  in  which,  although  not  indifferent  to  water,  it  is  much 
more  slowly  acted  upon  than  the  ordinary  amorphous  variety.  They  consider  that  the  substance 
obtained  by  Messrs  Newberry  consisted  of  a  solid  solution  of  calcium  oxide  in  dicalcium  silicate. 
The  same  investigators  together  with  Rankin  ^  have  shown  that  probably  the  only  calcium  aluminate 
occurring  in  Portland  cement  is  the  tricalcium  salt,  3CaO.  AI2O3.  Shepperd,  Rankin,  and  Wright  ^ 
have  since  found  that  tricalcium  silicate  can  be  obtained  by  adding  alumina  to  a  mixture  of  lime 
and  silica,  but  that  it  is  unstable  at  its  melting  point,  and  neither  takes  up  calcium  orthosilicate  nor 
lime  in  solid  solution,  nor  forms  eutectics  with  these  compounds.  The  composition  of  cement 
clinker  has  also  been  investigated  by  means  of  the  microscope  by  methods  similar  to  those  employed 
in  metallography-  At  least  four  different  kinds  of  crystals  have  been  observed,  for  which 
Tornebohm  has  proposed  the  names  “  alite,”  “belite,”  “celite,”  and  “felite”  (see  p.  125). 
According  to  Richardson  ®  cement  clinker  should  be  regarded  as  an  alloy.  In  the  case  of  pure 
cement  the  “  alite  ”  is  a  solid  solution  of  tricalcium  silicate  in  tricalcium  aluminate,  and  the  “  celite” 
a  solid  solution  of  dicalcium  silicate  in  dicalcium  aluminate,  whilst  commercial  Portland  cement  is 
a  more  complex  alloy  containing  compounds  of  iron  oxide  and  lime  corresponding  to  the  aluminates. 
The  magnesia,  alkalis  and  sulphuric  anhydride  are  regarded  as  non  -  essential  constituents. 
Rohland®  considers  that  the  hardening  of  cements  also  consists  in  the  formation  of  solid  solutions, 
or  adsorption  compounds,  whilst  Rebuffat'^  attributes  the  hardening  mainly  to  the  hydration  of  the 
calcium  orthosilicate.  According  to  W.  and  D.  Asch  there  is  not  one  Portland  cement,  but  a 
number  of  closely  allied  cements  consisting  of  the  calcium  salts  of  highly  complex  aluniino-silicic  acids. 
PTom  the  results  of  a  thermal  investigation  of  the  quaternary  system,  CaO  -  Si02  -  Al203~  Fe203, 
J^ecke®  concludes  that  ferric  oxide  only  occurs  in  combination  with  lime  and  does  not  form  solid 
solutions,  and  that  a  single  ternary  compound  is  formed  of  the  composition 

8Ca0.2Si02.Al203. 

He  regards  this  compound  as  being  identical  with  “alite,”  and  considers  that  its  existence 
explains  why  the  presence  of  alumina  is  necessary  in  Portland  cement.  Finally,  he  concludes  that 
“belite”  probably  has  the  composition  2Ca0.Si02,  “celite”  the  composition  3Ca0.Fe203,  and 
“felite,”  which  is  often  absent,  the  composition  CaO.  ''Janecke  and  Shumann^  found  that  the 
compound  8Ca0.2Si02.Al203  forms  the  principal  component  of  Portland  cement  clinker,  in  which 
it  is  readily  detected,  but  according  to  Rankin  and  Wright,^®  Janecke’s  supposed  compound  is  really 
a  mixture  of  calcium  silicates  and  aluminates,  containing  at  the  ordinary  temperature  the  compounds 
SCaO.SiOg,  2Ca0.Si02,  and  3Ca0.Al203. 

In  1893  Michaelis^^  suggested  that  the  hardening  of  calcareous  hydraulic  cements — including 
Portland  cement — was  mainly  due  to  the  formation  of  colloidal  calcium  hydro-silicates.  This  theory 
was  disregarded  by  most  cement  chemists  for  some  years,  but  is  generally  accepted  at  the  present 
time  as  it  is  strongly  supported  by  a  considerable  amount  of  experimental  evidence.  Michaelis  has 
also  shown  that  the  strength  of  the  hardened  colloid  is  increased  by  the  crystallisation  of  calcium 
hydro-aluminate  and  hydro-ferrite,  and,  when  sufficient  gypsum  is  present,  of  calcium  sulpho- 
aluminate.  Ambronne^^  has  shown  that  when  a  little  powdered  cement  is  mixed  with  water  under 
suitable  conditions  the  formation  of  a  gelatinous  coating  around  the  cement  grains  can  be  observed 


^  S.  B.  and  N.  B.  Newberry,  Soc.  Chem.  htd.,  1897,  16,  887. 

^  Day  and  Shepperd,  Carnegie  Inst.  PubL,  1906  ;  Amer.J.  Sci.,  1906  (4),  22,  265. 

3  Day,  Shepperd,  and  Rankin,  Amer.  J.  Sci.,  1909  (4),  28,  293. 

Shepperd,  Rankin,  and  Wright, y. /«^.  £ng^.  Chem.,  1911,  3,  211;  Zeitsch.  anorg.  Chem., 
1911,  71,  19. 

^  Richardson,  Tonind.  Zeit.,  1903,  27,  942. 

®  Rohland,  Zeitsch.  Elektrochem. ,  1904,  10,  893;  Zeitsch.  Chem.  Ind.  KoUoide,  1911,  9,  21. 

Rebuffat,  Gazzetta,  1898,  28,  ii.  209. 

®  Janecke,  Zeitsch.  anorg.  Chem.,  1911,  73,  200;  1912,  76,  357. 

®  Janecke  and  Shumann,  Zeitsch.  anorg.  Chem.,  1912,  74,  428. 

Rankin  and  Wright,  Zeitsch.  anorg.  Chem.,  1912,  75,  63. 

Michaelis,  Chem.  Zeit.,  1893,  17,  982;  Cement  and  Eng.  News,  1907,  19,  140  ;  1909,21, 
298  and  338. 

Ambronne,  Tonind.  Zeit.,  1909,  33,  270. 
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■under  the  microscope.  Rohland^  and  Stern  ^  have  shown  that  the  colloidal  constituent  in 
hardened  cement  can  be  dyed  by  immersion  in  a  dilute  solution  of  an  eosin  or  other  dye. 
Keiserman  ^  has  more  recently  investigated  the  specific  absorption  capacity  of  the  chief  constituent 
of  cement  for  a  number  of  dyes,  and  finds  that  patent  blue  is  the  best  for  the  detection  of  alumina, 
alcoholic  anthropurpurin  for  free  lime,  a  solution  of  methylene  blue  in  acetic  acid  for  combined 
silica,  and  a  neutral  methylene  blue  for  free  amorphous  silica.  Employing  this  staining  process, 
this  investigator  has  made  a  microscopical  examination  of  cement,  from  the  results  of  which  he 
concludes  that  Portland  cement  clinker  is  a  conglomerate  of  dicalcium  silicate  and  tricalcium 
aluminate,  the  presence  of  alumino-silicates  being  considered  improbable.  The  proportions  in  which 
the  constituents  exist  in  the  clinker  correspond  to  the  formula 

4(2Ca0.Si02)  +  sCaO.AlgOs. 

The  hardening  of  the  cement  is  due  to  the  dicalcium  silicate  being  started  by  the  formation  of  fine, 
needle-shaped  crystals,  which  are  embedded  in  and  cemented  by  the  surrounding  colloidal  mass. 
The  tricalcium  aluminate  accelerates  the  process  of  hydration  but  does  not  contribute  towards  the 
hardening  process.  Michaelis^  takes  exception  to  Keiserman’s  formula  but  otherwise  agrees  with 
his  view  and  points  out  that  tricalcium  silicate  had  long  since  been  shown  to  have  no  existence,  and 
that  the  presence  of  free  lime  in  solid  solution  in  the  dicalcium  silicate  had  been  established  beyond 
doubt. 

From  what  has  been  said  above,  it  will  be  obvious  that  the  composition  of  Portland  cement  and 
the  phenomena  of  setting  and  hardening  have  not  been  finally  settled,  and  that  much  more  research 
is  required  before  the  conflicting  theories  can  be  reconciled.  On  adding  water  to  the  cement  the 
“alite”  is  partly  decomposed,  the  calcium  aluminates  being  attacked  first,  and  the  supersaturated 
solution  thus  obtained  deposits  tricalcium  aluminate,  partly  in  the  form  of  crystals  and  partly  in  the 
form  of  a  colloid.  The  calcium  silicate  is  much  more  slowly  attacked,  and,  owing  to  its  insolubility, 
separates  from  solution  as  a  colloid  which  forms  a  gelatinous  coating  around  each  cement  grain. 
The  hardening  of  the  mass  is  brought  about  by  the  gradual  desiccation  of  the  colloid,  and  is  increased 
by  the  adsorption  of  the  lime  liberated  during  the  hydrolysis.  This  view  is  supported  by  the  fact 
that  when  hardened  cement  is  polished  and  etched  it  is  found  to  consist  of  a  number  of  grains  of 
unaltered  cement  clinker  embedded  in  a  matrix,  the  colloidal  nature  of  which  is  shown  by  its  power 
of  absorbing  dyes. 

According  to  Rohland  ®  the  part  played  by  gypsum  or  plaster  of  Paris  in  the  setting  of  Portland 
cement  is  that  of  a  catalyst.  Other  salts  may  be  used  instead  of  calcium  sulphate  in  order  to 
modify  the  setting  time,  and  those  salts  which  accelerate  the  hydration  of  pure  lime  also  accelerate 
the  setting  cement,  whilst  those  which  retard  the  hydration  of  the  one  also  retard  the  setting  of  the 
other.  Also  when  two  salts  which  have  an  accelerating  effect,  such  as  sodium  carbonate  and 
aluminium  chloride,  are  used  together,  the  effect  is  greater  than  the  sum  of  their  individual  effects 
when  used  separately,  and,  on  the  other  hand,  when  two  salts  which  have  a  retarding  effect,  such  as 
potassium  dichromate  and  borax,  are  allowed  to  act  together,  the  retardation  obtained  is  less  than 
the  sum  of  their  individual  effects.  H.  K.  G.  Bamber®  has  shown  that  the  retarding  effect  of 
gypsum  passes  off  when  the  cement  to  which  it  has  been  added  is  stored,  but  that  the  retarding 
effect  obtained  by  passing  steam  into  the  tube  mill  during  grinding  is  much  more  permanent. 

Adulteration  of  Portland  Cement. — The  adulteration  of  Portland  cement 
was  at  one  time  somewhat  extensively  practised.  The  choice  of  adulterants  was 
limited,  as  only  very  cheap  substances,  which  resembled  Portland  cement  in  colour 
and  general  appearance,  could  be  used  ;  the  most  usual  materials  employed  for  this 
purpose  were  Kentish  rag  (a  siliceous  limestone)  and  blast  furnace  slag,  but 
other  limestones,  sandstones,  old  fire-bricks,  etc.,  were  also  used.  Such  adulteration 
is  rare  at  the  present  time,  at  least  so  far  as  British  and  German  cements  are 
concerned,  and  the  most  serious  fraud  is  the  substitution  of  cheap  Belgium  natural 
cements,  or  slag  cements,  for  Portland  cement. 

Action  of  Sea  Water  on  Portland  Cement.— Sea  water  has  sometimes 
been  found  to  have  a  deleterious  action  on  Portland  cement.  This  was  early 
attributed  to  the  dissolving  out  of  some  of  the  lime  from  the  cement,  and  the  pre¬ 
cipitation  of  salts  of  magnesium,  and  later  on  was  considered  to  be  due  to  the 
formation  of  sulpho-aluminates.  According  to  Rebuffat,^  however,  when  cement  is 
immersed  in  sea  water  sulpho-aluminates  are  only  formed  to  a  very  slight  extent. 


1  Rohland,  Zeitsch.  anorg.  CJtem.,  1907,  56,  46. 

^  Stem,  Zeitsch,  anorg,  Ckem.,  1909,  63,  160. 

^  Keiserman,  KolL  Chem.  Beihefte,  1910,  I,  423  ;  Cement  and  Eng.  News,  19  ii,  23,  6  and  56. 
^  Michaelis,  Cement  and  Eng.  Nexus 1911,  23,  61. 

®  Rohland,  Zeitsch.  Angew.  Cheni.,  1903,  l6,  622;  1906,  19,  327. 

®  H.  K.  G.  Bamber,  Trans.  Concrete  Inst.,  1909,  I,  106  and  132. 

Rebuffat,  Gazzetta,  1901,  31,  i.  55. 
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and  their  existence  is  only  transitory.  On  the  other  hand  Poirson,^  who  has 
investigated  the  action  on  powdered  cement  of  solutions  of  salts  found  in  sea  water, 
finds  that  calcium  sulpho-aluminate,  3Ca0.Al203,  3CaS04,  is  the  only  stable  com¬ 
pound  formed. 

Physical  Properties  of  Portland  Cement. — Commercial  Portland  cement 
should  be  of  a  cold  bluish-grey  colour,  a  brownish,  ‘‘foxey  ”  appearance  indicating 
an  excess  of  clay,  the  use  of  an  unsuitable  clay,  or  an  under-burnt  cement.  The 
specific  gravity  is  comparatively  high  (at  least  3.10),  and  the  cement  should  be  very 
finely  ground,  as  only  the  finest  particles  are  of  use  as  a  cementing  material.  The 
tensile  strength  and  resistance  to  crushing  are  higher  than  those  of  any  other 
calcareous  cement. 

Iron-Ore  Cement. — Many  attempts  have  been  made  to  prepare  a  Portland 
cement  in  wliich  ferric  oxide  entirely  replaces  the  alumina,  but  so  far  without 
success.  Cements  in  which  a  large  portion  of  the  alumina  is  replaced  by  ferric 
oxide  are,  however,  made. 

In  1901  Krupp  introduced  a  cement  under  the  name  of  ‘‘sidero  cement,”  in  the  manufacture 
of  which  iron  ores  are  wholly  or  partially  substituted  for  the  clay  usually  employed.  ^  The  cements 
of  this  class  are  called  iron-ore  cements,  and  must  be  distinguished  from  the  iron  Portland 
cements  (see  p.  85).  They  are  employed  in  marine  work  on  account  of  their  supposed  resistance 
to  the  action  of  sea  water.  These  cements  contain  a  large  prbportion  of  iron,  as  is  shown  by  the 
following  analysis,  which  is  due  to  Michaelis^ : — 

Analysis  of  an  Iron-Ore  Cement  (Michaelis). 

Silica 
Alumina  - 
Ferric  oxide 
Lime 
Magnesia 
Sulphur  trioxide 

99.71  per  cent. 

They  are  slow  setting,  and  have  a  specific  gravity  of  about  3.25-3.44. 

White  Portland  Cement. — There  has  been  placed  on  the  market  a  Portland 
cenient  which  complies  with  the  requirements  of  the  British  Standards  Specification 
(1910),  but  which,  owing  to  the  absence  of  iron  compounds,  is  white  in  colour. 
It  was  originally  introduced  in  America,  but  is  now  used  to  some  extent  in  this 
country. 

It  is  very  expensive,  and  is  therefore  unsuitable  for  ordinary  building  purposes,  but  finds  many 
useful  applications,  among  which  may  be  mentioned  cement  plaster  or  stucco,  repairing  and  joining 
marble  pillars  and  blocks,  the  manufacture  of  tiles  and  mosaic  work.  For  the  latter  purpose  the 

cement  may  be  coloured  by  means  of  Venetian  red,  yellow  ochre,  and  many  other  mineral 

colouring  matters. 

Super-Cement. — This  cement  was  originally  intended  to  be  a  waterproof 
Portland  cement,  that  is  to  say,  an  ordinary  Portland  cement  to  which  material 
was  added  in  order  to  render  it  waterproof  (see  p.  118).  It  has  been  shown, 

however,  that  the  treated  cement  not  only  makes  a  waterproof  mortar,  but  that 

the  latter  is  much  stronger  than  that  made  with  ordinary  Portland  cement.  The 
increase  in  strength  is  especially  marked  in  the  case  of  cement  and  sand  mortar, 
and  the  difference  increases  with  time. 

The  author  has  carried  out  a  number  of  tests  with  this  material,  and  has  found  the  tensile 
strength  after  ninety  days  of  a  mortar  made  with  one  part  of  treated  cement  to  three  parts  of 
standard  sand  to  be  about  50  per  cent,  greater  than  that  of  a  similar  mortar  made  with  the  same,  but 
untreated,  Portland  cement.  Other  tests,  carried  out  elsewhere,  have  shown  that  after  six  months 
the  tensile  strength  of  the  mortar  made  with  the  treated  cement  and  sand  is  at  least  double  that 
of  a  similar  mortar  made  with  untreated  cement. 

^  Poirson,  Zentr.  HydrauL  Zemeiite^  1910,  I,  151. 

^  Michaelis,  Cetiient  mid  Eng,  News,  1907,  19,  140. 
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Sand  Cement.— This  is  only  Portland  cement  diluted  with  sand.  If  is 
prepared  by  mixing  together  equal  weights  of  Portland  cement  and  sand,  and 
finely  grinding  the  mixture. 


THE  PLASTER  CEMENTS 


The  plaster  cements  are  prepared  from  gypsum,  or  the  hydrated  caUmun 
sulphate,  CaS04,2HoO,  by  driving  off  all  or  part  of  the  water  of  liydrution,  and 
therefore  consist  essentially  of  more  or  less  dehydrated  calcium  sulphate. 

The  occurrence,  properties,  i)roceHscs  of  mining,  and  tlu*  Hiemistry  of  gypSUm 
have  been  fully  discussed  in  a  separate  arti('le  by  James  Slu'lton,  Vol  L,  p.  345 
In  the  following  pages,  therefore,  we  confine  ourselves  to  the  descriptitm  of  the 
processes  employed  in  the  manufacture  of  the  various  (amients  which  liavt*  gypsum 
as  their  basis. 


If  fairly  pure  gypsum  he  heated  to  a  temperature  of  about  100“  200"  i\  il 
becomes  partially  dehydrated,  yielding  a  sulphate  of  the  eomposititm  2{i  'aSO^),l  I  .C ), 
which  is  known  as  plaster  of  Paris.  If  the  gypsum  1h‘  heated  mueli  abc»ve 
200"  C.  it  loses  all  its  water,  yielding  the  anhytlrous  sulphate  I'aSOj.  h  is  then 
said  to  be  “dead-burnt,”  and  is  useless  hir  plaster  of  Paris,  as  it  has  lost  the 
power  of  readily  combining  with  waits*.  If,  however,  such  cn*er  burnt  plastei  be 
very  finely  ground,  Iiydration  will  take  phux%  although  vtny  slowly,  suul  wlien 
prepared  under  certain  condition.s  it  is  employed  under  the  names  of  flooring 
plasters  and  hard-finish  plasters.  When  gypsum  containing  a  large  aiiHnmi 
of  impurities  is  heated  to  between  loo*'  and  200'*  i  \  the  prtKima  resembles  plastta 
of  Paris,  but  sets  much  more  slowly,  and  the*  same  result  may  be  obtainetl  by 
adding  certain  materials  to  plaster  of  Paris  after  burning.  Thi‘se  slow  waling 
impure  plasters  are  known  as  cement  plasters,  although  they  are  quite  differenl 
from  the  plasters  made  from  tlu*  hydraulit*  eetmaits,  winch  are  alst>  kmiwn  m 
“cement  plasters”  (see  p.  82).  From  what  luw  been  siid  atmve  it  will  be  seen 
that  tlie  plaster  cements  may  be  (dassifual  as  follows  :  — 


Plaster  of  Paris 
(dement  irlasters 


Prepared  at  temperatures  below  200"  (!. 


Flooring  plasters 
Hard-finish  plasters 


j- Prepared  at  temperatures  considerafdy  above  joo"  ( ' 


Plaster  of  Paris  and  the  Cement  Plasters. —The  pnmmnQH  of  many 
facture  of  these  plasters  are  so  similar  that  they  may  be  treated  togetlier,  the  only 
difference  being  that  a  pure  gypsum  is  employed  for  the  manufitciure  of  plaitcr  of 
Paris,  whilst  the  cemmt  plasters  are  prepared  either  fVoiii  Impure  itialeriiilii  or  hy 
adding  a  retarder  during  or  after  manufacture.  Only  two  operallotw  are  net:eH«iiry, 
calcination  and  grinding,  and  tha  latter  may  either  follow  or  precede  the  foriiier, 
according  to  the  method  of  calcination  employed.  In  Europe  it  ii  usual  to  calcine 
first,  but  in  America,  where  the  kettle  process”  is  employed,  the  opposite  in  the 
case,  though  the  European  plan  is  followed  where  rotary  calciners  are  xmml,  (keal 
care  has  to  be  taken  that  the  temperature  does  not  rise  too  higfi  or  fall  too  low,  iiitd 
also  that  the  material  does  not  come  in  contact  with  the  fuel,  m  this  would  lead  to 
the  formation  of  calcium  sulphide. 


Calcining  in  Kilns.— The  oldest  and  simplest  method  of  preparing  the  pliiHUa 
is  to  burn  the  stone  in  a  kind  of  shed  enclosed  on  three  sides  by  brick  or  %Umc 
walls,  and  covered  with  a  rough  tiled  roof.  The  large  piecci  of  gypsuiii  are 
arranged  on  the  floor  so  as  to  form  a  series  of  roiigli  arches  parallel  to  the  main 
walls  of  the  shed ;  and  the  remainder  of  the  stone  is  placed  on  these  archei,  the 
larger  pieces  at  the  bottom,  and  tlie  si/.e  gradually  decreasing  until  at  the  top  there 
are  only  dust  and  sweepings.  Wood  fires  are  then  lighted  in  the  arches  ;  the  hoi 
gases  rising  through  the  interstices  between  the  stones  gradually  heat  the  rtiasi, 
driving  off  the  water  of  hydration,  and  finally  escafra  through  openings  in  tlie  rout 
and  upper  parts  of  the  walls.  Sometimes  coal  m  used  as  fuel,  in  which  case  iht.t 
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floor  of  the  kiln  is  hollow,  and  the  fires  are  lighted  in  these  spaces,  the  flames 
passing  into  the  kiln  through  holes  left  in  the  rooves  of  the  arche?.  This  crude 
kiln  or  shed  is  still  employed  on  the  Continent,  but  it  is  very  wasteful,  and  the 
product  is  never  uniform,  as  the  lower  layers  receive  more  heat  than  the  upper 
ones. 

In  the  neighbourhood  of  Paris  a  kiln  is  employed  which  somewhat  resembles 
the  common  lime-kiln  (see  p.  79),  but  has  a  cavity  beneath  the  floor  which  serves 
as  a  fireplace.  The  flames  and  heat  pass  through  openings  in  the  floor  into  the 
kiln. 


The  Dumesnil  kiln,  shown  in  Fig.  30,  is  a  great  improvement  on  older  kilns, 
as  the  heat  is  much  more  under  control,  and  is  evenly  distributed  over  the  whole 
mass  of  plaster-stone. 


This  kiln  is  circular  in  plan,  and  has  an  arched  roof  LL,  in  which  are  four  small  flues  00, 
and  one  large  central  one  P,  all  of  which  can  be  closed  by  means  of  dampers.  At  the  bottom  of 
the  kiln  there  is  a  central  furnace  D,  the  flames  of  which  pass  through  flues  EK  into  the  fire- 
chamber  G,  and  hence  through  twelve  openings  ff  into  twelve  radiating  arched  flues  mm 
built  of  the  largest  pieces  of  plaster-stone.  There  is  a  door  at  the  side  of  the  kiln  for  the  purpose 

of  emptying  and  unloading,  and  an 


Fig.  30. — Dumesnil  Kiln. 


opening  N  in  the  roof  which  serves 
for  filling  the  top  of  the  kiln.  In 
working  the  kiln,  the  charge  is  cal¬ 
cined  by  means  of  a  moderate  fire  ; 
and  then  about  6  or  7  cub.  yds.  of 
unburnt  stone  are  added  at  the  top, 
and  all  the  openings  are  closed,  when 
the  second  lot  of  stone  is  dehydrated 
by  the  heat  still  contained  in  the  first 
charge. 

Although  this  kiln  is  expen¬ 
sive  to  build  it  is  economical  in 
working.  Sometimes  the  plaster- 
stone  is  dehydrated  by  means  of 
the  waste  gases  from  coke  ovens. 
For  this  purpose  the  kilns  and 
ovens  are  arranged  thus. 

The  hot  gases  from  ordinary  coke 
ovens  pass  first  into  a  flue,  and  then 
into  a  second  flue,  which  leads  to  the 


kilns  through  holes  in  the  floors  of  the 


latter.  The  hot  gases  may  be  shut  off  from  any  of  the  kilns  by  means  of  dampers.  The  water- 


vapour  and  gases  finally  escape  from  the  kilns  through  the  chimney  F. 


Superheated  steam  has  also  been  employed  for  dehydrating  gypsum. 

A  jet  of  steam,  at  a  temperature  of  about  200°  C.,  is  blown  alternately  into  each  of  two  chambers 
charged  with  the  raw  material,  when  the  water  of  hydration  is  rapidly  absorbed  by  the  steam, 
leaving  the  plaster  ready  for  grinding. 

It  is  a  common  practice  in  this  country  to  prepare  the  plaster  by  a  continuous 
method  in  a  kiln  resembling  a  baker’s  oven,  in  which  the  stone  does  not  come  in 
contact  with  the  fuel,  but  is  dehydrated  by  means  of  hot  gases  which  pass  from  a 
furnace  through  a  flue  passing  round  and  round  the  oven. 

Best  plaster  is  sometimes  prepared  on  a  small  scale  by  the  moulders  by  a  process  known  as 
boiling.  They  first  grind  the  raw  stone  to  a  fine  powder  and  then  spread  the  latter  in  a  layer, 
about  2  or  3  in.  in  depth,  upon  a  metal  plate  or  shallow  dish  placed  over  a  fire,  care  being  taken  to 
avoid  too  high  a  temperature.  The  water  vapour  given  off  from  the  lower  layer  appears  to  raise  the 
remainder  of  the  material  and  keep  it  in  suspension  with  a  peculiar  motion  to  which  the  process 
owes  its  name  of  “  boiling,”  and  small  craters  are  soon  formed  from  which  the  steam  escapes.  The 
mass  is  stirred  from  time  to  time  until  no  more  water  is  given  off,  when  the  plaster  is  ready  for  use. 

Rotary  kilns  for  calcining  plaster-stone  have  been  in  use  for  a  number  of  years  both  in  Europe 
and  America.  The  process  is  a  continuous  one.  In  the  Mannheim  calciner  there  is  a  fire-box 
placed  in  front  of  a  chamber  containing  a  rotating  cylinder,  the  interior  of  which  is  furnished  with 
shelves  or  buckets.  Above  the  cylinder,  and  connected  to  it  by  a  pipe,  is  the  forewarmer,  which 
consists  of  a  chamber  through  which  a  worm  conveyer  passes  from  one  end  to  the  other.  The  crude 
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gypsum  is  first  crushed,  but  not  finely  ground,  and  is  then  conveyed  by  means  of  a  bucket  elevator 
to  a  bin  placed  above  the  calciner,  ^om  which  it  descends  into  the  forewarmer,  where  it  is 
carried  along  by  the  worm  conveyer,  and  then  falls  into  the  rotating  cylinder.  The  fire-box  is 
heated  to  a  high  temperature,  and  hot  gases  driven  by  a  fan  connected  to  it  pass  through  the  rotating 
cylinder,  then  through  the  forewarmer,  and  finally  through  a  dust  chamber  to  the  chimney.  The 
strong  draught  of  hot  gases  causes  the  fragments  of  gypsum  to  travel  in  the  same  direction  with  a 
velocity  inversely  proportional  to  their  size,  so  that  the  largest  pieces  are  exposed  to  the  heat  for  a 
longer  period  than  the  finer  particles.  The  heat  is  so  well  utilised  that  the  temperature  of  the  gases 
passing  to  the  chimney  is  only  about  8o”  C. 

The  Cummer  rotary  calciner  is  much  used  in  the  United  States.  The  raw  material, 
which  is  first  crushed  and  screened  until  it  will  pass  through  a  i-in.  ring,  is  fed  through  a  hopper 
into  a  cylinder,  which  is  mounted  on  trunnions,  so  that  it  rotates  about  a  slightly  inclined  axis. 
As  the  material  passes  down  the  cylinder  it  is  picked  up  and  again  dropped  by  the  lifting  blades 
attached  to  the  inner  surface  of  the  latter,  thus  being  thoroughly  exposed  to  the  action  of  the 
hot  gases.  The  latter  are  drawn  by  means  of  a  fan  into  the  brick  chamber  which  surrounds 
the  cylinder,  and  sufficient  cold  air  is  introduced  through  two  registers  to  cool  them  to  the 
required  temperature,  after  which  they  arc  drawn  into  the  cylinder  through  an  opening,  and, 
passing  along  in  the  opposite  direction  to  the  raw  material,  escape  through  the  other  entl  to  the 
chimney.  Pyrometers  are  inserted  through  the  holes  in  order  to  control  the  temperature.  The 
calcined  material  is  immediately  conveyed  by  means  of  an  elevator  to  the  calcining  bins,  where 
the  heat  still  remaining  in  the  material  completes  the  calcination,  and  the  cool  plaster  is  finally 
ground,  passed  through  sieves,  and  placed  in  sacks. 

Calcining  in  Kettles. —This  is  the  most  common  mctltod  of  preparing 
plaster  of  Paris  in  the  United  States,  but  although  superior  to  the  old-fashioned 
European  processes,  it  is  slow^  and  expensive,  and  is  therefore  being  gradually 
abandoned  in  favour  of  rotary  kilns. 

The  gypsum  is  first  ground  ami  then  charged  into  cylindrical  iron  kettles  about  8*10  ft.  in 
diameter  and  6»8  ft.  high,  through  which  pass  two  or  four  horizontal  flues  about  12  in.  in  diameter. 
The  “  kettle  iKittom  ’’  usually  eonsists  of  a  conrave-convt‘x  iron  casting  with  the  convex  side  placed 
upwards,  but  in  modern  plants  sectional  kettle  bottoms  are  frecptently  employed.  The  side.s  <if  the 
kettle  are  of  boiler  plate  about  i-|  in.  thick,  and  the  top  is  covered  in  by  means  of  a  sheet -iron 
cap  provided  with  a  door  which  serves  for  the  introduction  (if  the  raw  material.  The  kettles 
are  supported  on  and  enclosed  by  masonry,  and  a  fire  space,  shajied  like  an  inverted  cone,  is  left 
underneath  each  kettle.  The  first  Poor  of  the  mill  is  about  a  foot  from  the  top  of  the  kettles, 
which  are  usually  arranged  in  pairs,  with  a  shoot  for  supplying  the  raw  material,  and  a  pit  for  the 
calcined  material  to  each  pair.  As  it  is  necessary  that  the  contents  of  the  kettles  should  be  kept 
constantly  stirred,  each  of  the  latter  is  providetl  with  paddles  driven  from  an  overhead  Hhafi. 

On  starting  a  kettle,  the  heat  must  be  gradually  applied  whilst  the  raw  material  m  la*ing  fed  in, 
and  the  contents  must  be  ke|it  constantly  stirred.  As  the  temperature  rises  to  about  i05*«lio*’C 
the  contents  appear  to  boil  violently  until  the  mechanically  hekl  water  is  driven  off  through  a  stack 
passiu|  through  the  sheet-iron  cover,  after  which  they  settle  down.  On  heating  to  143**  C,  however, 
the  boding  commences  again  m  the  conduned  water  liegins  to  be  driven  ofl'.  When  the  water  of 
hydration  nas  been  driven  off,  the  hot,  finished  material  is  run  into  the  fire»proof  pit  until  it  hai 
slightly  cooled,  when  it  is  pawed  through  a  revolving  wire  screen  in  order  to  separate  all  large 
particles  and  coarse  foreign  matter,  and  ii  finally  conveyed  to  the  storage  bins. 

Grinding.— The  grinding  may  be  carried  out  either  before  or  after  the 
calcination,  the  latter  being  the  most  usual  method  in  Europe,  and  also  being 
used  in  America  where  rotary  calciners  are  employed. 

In  either  case  the  grinding  is  a  simple  mutter.  When  the  pIa.ster»stone  is  ground  before 
calcination  the  operation  is  usually  carried  out  in  three  stages.  The  stone  is  first  crushed  to  lumps 
about  2-4  in.  in  dhrmeter  in  a  coarse  crusher.  The  roughly  crushetl  material  is  then  passed  on 
to  crushers  of  the  coffee-mill  type,  which  reduce  it  to  aliout  |»4  in.  in  diameter,  and  is  firndly 
ground  in  fine  grinding  machines,  until  about  55*65  per  cent,  will  pass  through  a  sieve  containing 
100  meshes  to  the  linear  inch.  It  is  then  ready  for  calcination.  When  gypsum-earth  is  used 
for  the  raw  material  the  rough  crushers  are  not  needed,  and  the  grinding  is  carried  out  in  two 
stages.  When  the  grinding  is  carried  out  after  calcination  it  Is  usually  done  hetwcenimillstoneii, 
hut  sometime.s  edge-runners  or  rollers  are  employed.  The  grouncl  plaster  should  he  kept  from 
contact  with  air,  as  it  readily  absorbs  moisture  and  deteriorates  ;  unfortunately,  however,  hut 
little  attention  is  usually  paid  to  this  detail,  and  the  plaster  is  placed  in  sacks  after  grinding.  It 
is  sometimes  the  practice  in  France  to  preserve  the  plaster  in  heaps  by  slightly  wetting  the 
.surface,  so  that  the  crust  thus  formed  protects  the  remainder  of  the  heap.  This  plan  is  at  once 
simple  and  effective. 

Pure  plaster  of  Paris  consists  of  the  hydrated  calcium  sulphate,  CaSO4.pi.jO, 
and  therefore  contains  93.S  per  cent,  of  anhydrous  calcium  sulphate  and  6.2  per 
cent,  of  water.  The  less  pure  forms,  however,  and  especially  the  cement  plasters, 
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contain  various  amounts  of  silica,  alumina,  ferric  oxide,  calcium  carbonate, 
magnesium  carbonate,  and  other  impurities. 

Le  Voisier^  was  the  first  to  show  that  the  change  from  gypsum  to  plaster  of  Paris  during 
calcination  was  due  to  the  loss  of  water,  and  that  the  hardening  of  the  plaster  after  gauging  was 
due  to  the  absorption  of  water  to  reform  the  original  compound.  Le  Chatelier  ^  has  proved  that 
plaster  of  Paris  is  a  definite  hydrate,  2CaS04,H20,  and  has  shown  that  when  water  is  added  to  the 
calcined  plaster  a  solution  is  obtained  from  which  the  hydrated  sulphate  soon  crystallises  out,  thus 
allowing  more  of  the  plaster  to  be  dissolved  ;  this  alternate  solution  and  crystallisation  continues 
until  the  whole  of  the  plaster  has  become  hydrated,  the  two  processes  going  on  simultaneously  at 
different  parts  of  the  mass.  According  to  Rohland,*^  the  hardening  of  calcined  plaster  with  water  is 
a  colloidal  process. 

The  specific  gravity  of  plaster  of  Paris  is  about  2.58.  The  tensile  strength  is 
about  300-400  lbs.  per  square  inch  for  neat  plaster,  and  100-200  lbs.  per  square  inch 
for  a  mixture  of  one  part  by  weight  of  plaster  to  three  of  sand. 

Retarders  and  Accelerators. — Plasters  made  from  impure  gypsum  are 
usually  sufficiently  slow  setting,  but  pure  plaster  of  Paris  sets  with  extreme  rapidity, 
and,  in  order  to  moderate  this  action,  it  is  a  common  practice  to  add  various 
substances  known  as  retarders  to  the  cold  calcined  plaster. 

The  materials  mostly  employed  for  this  purpose  are  glue,  sawdust,  blood,. and  other  substances 
of  animal  or  vegetable  origin.  There  are  also  many  patent  retarders  which  consist  essentially  of 
the  same  or  similar  substances.  It  is  usual  to  add  from  2-15  lbs.  of  the  retarder  per  ton  of 
plaster,  the  mixing  being  carried  out  in  a  mixing  machine,  such  as  the  Broughton  mixer.  Some¬ 
times  it  is  required  to  hasten  the  setting  of  an  impure  plaster,  in  which  case  an  accelerator 
is  employed.  These  are  crystalline  salts,  one  of  the  most  efficient  being  sodium  chloride 
(common  salt). 

Hardening  Plaster. — Plaster  of  Paris  may  be  hardened  by  the  addition  of 
various  substances.  A  solution  of  glue  or  gum  arabic  may  be  employed,  as  in  the 
preparation  of  ‘‘ stucco (see  p.  118),  or  the  plaster  may  be  mixed  with  a  little 
freshly  slaked  lime,  and  the  casting  dipped  in  a  strong  solution  of  magnesium 
sulphate.  Another  method  is  to  use  a  solution  of  sodium  silicate  (water-glass),  but 
the  most  usual  plan  is  to  use  a  solution  of  alum,  as  in  the  preparation  of  the  “  hard- 
finish^’  plasters  (see  below,  and  on  p.  118). 

The  casting  may  be  placed  in  the  alum  bath  for  some  weeks,  and  then  slowly  dried,  or  the 
plaster  may  be  soaked  in  the  solution,  dried,  and  again  calcined.  Still  another  method  consists  in 
mixing  the  plaster  with  a  little  finely  ground  mallow  root,  and  kneading  the  mixture  in  water,  or 
in  gauging  the  plaster  with  a  decoction  of  mallow  root. 

Flooring  Plasters. — Flooring  plasters  {Estrichgips)  are  employed  to  a  very 
large  extent  in  Germany,  as  they  give  a  hard  and  durable  surface  which  is  very 
suitable  for  floors,  etc.  They  are  prepared  by  coarsely  crushing  a  relatively  pure 
plaster-stone,  and  calcining  it  in  a  vertical  kiln  at  a  temperature  of  about  400^500®  C. 
for  not  more  than  four  hours.  If  the  heating  be  continued  for  a  longer  period  than 
this  the  plaster  becomes  entirely  deprived  of  its  setting  properties.  The  fuel 
employed  is  generally  coal,  and  is  burnt  on  a  grate  at  the  side  of  the  kiln,  the  hot 
gases  passing  through  the  mass  of  the  gypsum.  The  calcined  stone  is  then  very 
finely  ground.  The  flooring  plasters  set  with  extreme  slowness,  but  finally  acquire 
great  hardness.  They  consist  essentially  of  anhydrous  calcium  sulphate,  CaS04. 

According  to  Van’t  Hoff  when  gypsum  is  completely  dehydrated  its  ability  to  combine  with' 
water  is  at  first  only  retarded,  but  gradually  becomes  lost  either  by  prolonged  exposure  to  a  high 
temperature  or  by  submission  to  more  intense  heat.  Hence  the  necessity  for  keeping  the 
temperature  at  400°-500°  C.,  and  for  discontinuing  the  calcination  after  four  hours. 

Hard-Finish  Plasters. — These  plasters  resemble  the  flooring  plasters  in 
consisting  essentially  of  anhydrous  calcium  sulphate,  but  they  are  calcined  at  a 
higher  temperature  (sometimes  at  a  red  heat)  and  are  usually  treated  with  various 


^  Le  Voisier,  CEuvres  Completes,  17,  3,  122. 

2  Le  Chatelier,  Compt.  Rend.,  1883,  96,  715  ;  Annales  des  Mines,  1887  (8),  II,  345  ;  *‘Rech. 
Expt.  sur  la  Constitution  des  Mortiers  Hydrauliques,’’  1904. 
s  Rohland,  Kolloid  Zeitsch.,  1913,  13,  61. 
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chemicals,  such  as  alum,  during  the  process  of  manufacture.  The  calcination  is 
carried  out  in  two  stages,  the  plaster-stone  being  first  calcined,  then  dipped  in  a 
solution  of  alum,  borax,  or  other  salt,  and  again  calcined  at  a  high  temperature, 
after  which  it  is  finely  ground. 

Keene’s  cement  is  now  the  general  name  for  a  number  of  different  plasters  prepared  by  various 
manufacturers,  the  original  patent  having  expired.  It  is  usually  prepared  by  first  calcining  the 
plaster-stone  to  plaster  of  Paris,  dipping  this  in  a  solution  of  alum  or  aluminium  sulphate,  drying, 
and  recalcining  at  a  much  higher  temperature.  Sometimes,  however,  the  first  calcination  is  carried 
out  at  a  high  temperature,  even  red  heat,  and  sometimes  other  salts  are  used  instead  of  alum ; 
indeed  in  some  cases  the  plaster  is  prepared  without  dipping  in  any  solution,  when  it  is  of  course 
really  a  flooring  plaster. 

Mack’s  cement  is  prepared  by  adding  calcined  sodium  sulphate  or  potassium  sulphate  to 
completely  dehydrated  gypsum.  It  sets  rapidly  and  becomes  very  hard  and  durable.  Martin’s 
cement  is  similar  to  Keene’s,  but  the  solution  of  alum  is  replaced  by  one  of  potassium  carbonate. 

Parian  cement  may  also  be  prepared  in  the  same  manner  as  Keene’s  cement,  employing, 
however,  a  solution  of  borax  in  place  of  alum  ;  or  it  may  be  manufactured  by  burning  an  intimate 
mixture  of  powdered  gypsum  and  dry  borax  and  finely  grinding  the  product.  All  these  plasters 
set  (juickly  and  become  nard  and  durable. 


MORTAR,  CONCRETE,  PLASTER,  AND  STUCCO 

Mortars.—Mortars  are  divided  into  common  mortar,  which  is  made  with 
lime,  and  cement  mortar,  which  is  made  with  Portland,  natural,  or  slag  cement. 
Common  mortar  is  prepared  by  mixing  lime  with  water  and  sand  ;  the  proportions 
taken  vary  somewhat  with  the  quality  of  the  lime,  but  are  usually  one  part  by  measure 
of  slaked  lime  to  three  parts  by  measure  of  sharp  sand,  with  enough  water  to  make 
a  somewhat  stiff  paste. 

Small  (quantities  of  mortar  are  mixed  by  hand,  but  when  large  amounts  are  required  it  is  usual 
to  employ  some  form  of  mixing  machine.  The  sand  used  should  be  free  from  clayey  matter  or 
vegetable  earth,  and  should  consist  of  sharp  angular  fragment.s  of  silica,  though  sands  derived  from 
granites  and  containing  a  large  proportion  of  feldspar  are  also  valuable.  Sand  which  is  much 
water  worn,  and  blown  sand,  are  not  suitable,  because  they  consist  of  more  or  less  rounded 
fragments,  and  blown  sand  is  also  too  finely  grained.  Sea  sand  is  also  un.satisfactory  beaiuse  of  the 
deliquescent  salts  wliich  accomfmny  it.  These  salts  may,  however,  be  wa.shed  out  by  prolonged 
exposure  to  the  weather  or  by  washing  in  running  water.  Artificial  sands,  such  as  crushed  sand¬ 
stone,  (martssite,  granulated  blast  furnace  slag,  etc.,  are  also  used^  for  mixing  in  mortar.  The  sand 
is  mixed  with  the  lime  in  order  to  reduce  the  shrinkage  and  prevent  the  consequent  cracking  which 
takes  jfiace  when  a  paste  of  lime  and  water  alone  is  allowed  to  dry,  to  render  the  mass  more 
porous— thus  facilitating  the  absorption  of  the  carbon  dioxide  upon  which  the  ultimate  hardening 
of  the  mortar  depends,  and  to  somewhat  increase  the  resistance  to  crushing.  It  also  lessens  the 
cost  of  the  mortar,  because  sand  is  cheaper  than  lime.  Sometime.^  trass,  puzxuolana,  or  other 
natural  or  artificial  puzzuolanic  material  is  mixed  with  the  lime  (see  p.  83). 

Cement  mortar  may  consist  of  a  mixture  of  natural  slag  or  Portland  cement, 
sand  and  water,  but  as  this  does  not  spread  freely  it  is  a  common  practice  to  add 
more  or  less  lime,  or  sometimes  loam,  although  these  materials  (especially  the 
latter)  are  detrimental  to  the  strength  of  the  mortar. 

Cement  mortar  is  employed  for  masonry  structures,  which  are  exposed  to  the  action  of  running 
water  or  of  waves,  as  a  coating  to  cover  masonry  or  concrete  walls,  and  for  other  purposes. 

Concrete.— Concrete  or  B6ton  consists  of  a  conglomerate  of  pebbles,  broken 
stones,  gravel,  blast  furnace  slag,  or  sometimes  cinders,  known  as  the  aggregate, 
embedded  in  a  matrix  of  mortar,  the  amount  of  mortar  employed  being  sufficient  to 
fill  all  the  voids  between  the  stones.  The  mortar  may  be  either  hydraulic  lime 
mortar,  as  in  the  case  of  ancient  or  mediaeval  concrete,  or  cement  mortar  as  in  most 
modern  work. 

A  distinction  is  sometime.s  made  between  the  terms  concrete  and  b6ton,  the  former  term  being 
used  when  the  lime  or  cement  is  mixed  with  the  gravel  before  adding  water,  as  is  usually  the  case  in 
this  country,  whilst  the  latter  term  is  employed  when  the  lime  is  worked  into  a  paste  before  adding 
the  gravel.  Concrete  is  used  for  making  blocks  of  artificial  stone  of  various  sizes  for  building 
purposes  and  for  paving,  for  the  production  of  monolithic  work,  and  as  a  backing  for  coursed 
masonry.  As  in  the  case  of  mortar,  it  may  be  mixed  by  hand  or  by  machinery,  a  great  variety  of 
machines  foi  this  purpose  being  in  use. 
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Armoured  or  Reinforced  Concrete.' . -For  some  yt‘arH  it  lias  been  the 

practice  to  emplt^y  ceitH'rete  in  whic'h  iron  rods,  wire  netting,  or  perforatcal  iron 
plates  are  embtaliled.  'The  material  thus  o!)tained  is  known  as  ninjhned 

or  fenv  e^mreie  (see  also  p*  i  m). 

It  is  iwni  tu  A  laritc  rxtrni  in  tlie  eunstruoden  of  arches,  pillars,  beams,  floors,  etc.,  aiul  also 
fur  waking  pipes  ainl  nks. 

Plasters.— llie  <ahlings  and  insitlo  walls  of  buildings  are  usually  given  a 
smocali  coating  of  plasua*. 

In  Franrr,  plaster  of  Paris  is  rinployeci  for  tliii  piit|KW,  hut  in  England  it  is  more  usual 
employ  a  hinr  niorlar  m  whicli  cows’  ot  calves’  hair  i»  acfcletl.  The  vanoui  **  hauhfmiih  ’*  plasters 
(scf  p.  nh),  siifh  as  Kerne’s  ami  Patkn  rcmenls  arc  also  usetl  amh  especially  for  mitsitle  work, 
cement  muriar. 

Stucco. “‘-HtiitTo  is  a  special  hard  plaster  which  r^an  be  polished.  It  is 
iifiimlly  coloured  so  as  to  inutate  varitnis  kinds  of  marble. 

Tlitre  ate  two  principal  kimb  «if  siiicro,  that  miitle  from  plaster  of  Parti,  am!  that  made  from 
lime.  Plattir  stucco  ii  mixed  with  a  lukewarm  solution  of  \i/f,  h^h  glue,  or  gum  nrahic.  WIten 
ftsfuireil  of  any  paitifuhif  ruloiir,  the  colouring  inaiter  h  dixfolved  in  the  'f«»lution  hr  fore  gauging. 
Linii  stucco  h  gmcfally  mi\r»l  wuh  chalk,  plaxlrr,  m  other  malcrialH  ;  the  coloun  atr  usually 
tihiaincii  hy  iiiKing  mriallif  oxidr’i  nnd  sails  with  the  lime.  tVinent  pkisier  is  also  kmiwn  ;o» 
cement  ilucco  when  it  r.  emjih*yed  for  coating  the  smkfrs  cd’ walh,  pillars,  rlc..  while  Pookmd 
cement  heinn  pailkttkily  Miilrd  for  this  pMr|iM»sr. 

Staff  hot  temporary  Intihlings  of  an  ornamental  duirartart  such  an  those* 
rct|uirrit  lor  l•ItlihiliollS,  eux*  it  m  usual  to  rmploy  a  planter  whirli  is  itnighoncd  and 
hountl  logrltirr  tiy  means  of  low,  or  Homoliiiirs  by  ashoHlos  or  slag  wool  Tliix 
material  wliirlt  is  known  :w  staff  or  fibrous  plaster,  is  fixed  upon  a  harking  of 
very  caiarsoi  npvii  raiivaii  txillrtl  **  srriin.” 

WATKRFROOFINC;  C'EMKXT  MORTAR  AXI)  C'OXCT^ETK 

II  k  often  iimcssary  that  cement  tanierrie  Hhniild  be  impermealilr  lo  water,  as 
in  tin*  taiiwtriirtiiin  of  reHerviiirs,  sewers,  and  so  forth.  In  Hurh  raises  it  is  usually 
finite  possible  to  make  the*  tamt'reir  walertighi  Isy  iisiiig  a  properly  griided  aggre- 
gate,  anti  rifiiipleiely  filling  the  voitk  with  mortar  tmidc  with  rmiienl  nnd  fine  sand, 
littt  it  is  II  eiiiutiitifi  |iriiiiii*r  lo  have  rcraiurse  to  some  method  of  reiiiliuing  llie 
reinertl  walerfirooi* 

Hfifiiriinie*i  eefiiriil  work  airriidy  in  existence  also  often  has  to  be  rendered 
wi.iirrliglil,  iiikI  in  litis  tvise  it  is  nef%*ssarj  to  add  a  tamling  <if  sortie  waierpreiofiiig 
iiialerial.  This  may  he  dime  by  roveriiig  the  surface  wiili  some  imjH*rmeable 
fimieriiil  siirfi  m  nsfitiaii,  far  or  {iitiiil,  or  by  applying  altertmle  coalings  of  soap 
mitl  iliiiii  soliiiiim  by  means  of  ii  brush,  is  in  SylirtSteEs  process,  the  objecl 
lieing  to  fill  iht!  pores  of  ttie  coiictreie  or  iiitirtnr  with  mi  iiwoluble  precipitate.^  In 
llie  caiit  of  new  work  itic  iiiaierialt-'-stift  iciafi,  iiluiih  |Mrtasli,  etc.,  are  iomelirites 
mixed  iit  wkli  the  mortiir,  itml  iince  Moyer  \  him  shown  thiil  when  iiiiiieral  oil 
k  iiiixetl  with  cement  itiortar  *  walcrprciiif  miicture  m  cititaiiietl  this  method  of 
water|in'i«rifig  is  iointTlimes  emplcwed,  Aiiirniil  or  vegetatile  oils  should  ntit  be 
iiicd  ill  pliiee  of  the  tiiiiterit!  oil  timiiise  they  are  liaibic  to  decompose,  with  the 
litjeriilion  of  free  fatly  itfids. 

A  iiirg«  wf  «*f  vrry  varying  riiidriiry  liiivt  hecii  iiilrmltircd  f*if  iliii 

mwlcf  fiiiifc  »»f  hm  fancy  riaitw^,'*  ^iich  "ctrttil/'  ’^driwaiP*  **  imptrvitc/*  ami 
kot«,“  Ssi  fa?  m  ilir  iittliiir  k  aw»«  all  ilir  citmptttfwb  liiilierte  iitirwlucetl  fiilt  wltcii  uxinurtl  t« 
wiitr  iiiitirt  m  iiiuli  inti  mitiy  liavr  a  wwrr  tir  kw  liariiifiil  ctlfri  tifitin  ilie  ii 

retlnetitfii  id  ii  ftiticli  at  jo  ijc?  in  ilfeiMili  Iwdiig  fourifl.  A  lirgc*  fiumlieir  »if 

c»«|»tifitk  tiwiiliilly  «f  rarmifiale,  mltiwi  »fitl  cftlciiim  wap,  tiitttcitttttt  wiili 

m  lm%  lift  eil  «»r  They  are  iiwally  »«hl  cillirr  in  llie  Itirni  td  a  fMiwikr  Ui  i«  itiwtil  with  tlir 

^  A.  Mttfefi  If  lo,  5» 

*  %¥>  L.  llaijii  if^i,  3,  1 14;  iki  Cirntreii  mu,  4,  |cij, 
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dry  cement  before  adding  the  water,  or  in  the  form  of  a  paste  to  be  mixed  with  the  water  used  for 
gauging.  One  of  the  best  compounds  of  this  water-repellant  type  which  has  come  under  the 
author’s  notice  is  known  as  “medusa.”  When  mixed  with  proper  care  this  compound,  which  is 
a  fine,  white,  extremely  water-repellant  powder,  proves  satisfactory  for  the  purpose  for  which  it  is 
intended.  Another  class  of  water  repellants  which  has  been  recently  introduced  consists  of 
mineral  oils. 

Some  waterproofing  compounds  consist  of  solutions  of  sodium  silicate  (water- 
glass)  or  silicofluoride,  and  other  silicofluorides,  such  as  those  of  zinc,  magnesium, 
and  aluminium,  are  also  used,  being  sold  under  the  name  of  fluates. 

One  compound  consists  essentially  of  a  mixture  of  alum  and  zinc  sulphate  in  a  quantity  of  water 
which  is  insufficient  for  complete  solution,  and  another  consists  of  a  solution  of  oxalic  acid.  The 
object  in  all  these  cases  is  to  form  insoluble  compounds  of  calcium  in  the  pores  of  the  mortar 
or  concrete. 

Other  compounds  depend  upon  the  presence  of,  or  are  stated  to  contain 
asphalt,  or  some  other  bituminous  substance  for  their  waterproofing  properties. 

A  waterproofing  compound  of  still  another  type  is  sold  under  the  name  of 

“  ironite.” 

This  consists  essentially  of  finely  powdered  iron  and  a  soluble  salt  w'hich  brings  about  the 
rapid  rusting  of  the  iron  in  the  presence  of  moisture.  It  is  made  into  a  paste  with  water,  and  well 
rubbed  into  the  surface  to  be  waterproofed  by  means  of  a  stiff-haired  brush,  two  or  three  coats 
bein^;  usually  necessary.  The  author  has  found  this  compound  to  be  efficient  when  properly 
applied.  The  ironite  paste  has  considerable  bonding  power,  a  broken  briquette  after  being  joined 
with  the  paste  frequently  showing  a  tensile  strength  of  over  400  lbs.  per  scpuire  inch.  A  special 
variety  of  “  ironite,”  which  consists  of  a  coarser  iron  powder  and  whicli  does  not  contain  the  salt, 
is  mixed  dry  with  cement  to  make  hard  floors,  etc. 

The  recently  introduced  super-cement  (see  p.  1x2)  not  only  produced  a 
waterproof  mortar  or  concrete  without  any  further  treatment,  but  the  latter  is  much 
stronger  than  that  obtained  with  ordinary  cement. 


CHEMICAL  ANALYSIS  OF  LIMES  AND  ’CEMENTS 


Common  and  Hydraulic  Limes.  The  water  and  carbon  dioxide  in  these  limes  are  deter¬ 
mined  by  ignitin|:!;  a  weighed  atnouiU  in  a  platinum  crucible,  and  ascertaining  the  loss  of  weight, 
1'he  carbon  dioxide  is  then  determined  by  any  of  the  usual  methods,  that  of  Fresenius^  being  very 
suitable  ;  the  difTerenee  between  this  value  and  the  loss  on  ignition  gives  the  amount  of  water 
present.  In  order  to  determine  the  lime  and  magnesia,  which  is  frecpiently  all  that  is  necessary, 
a  weighed  amount  of  the  sample  is  dissolved  in  hydrtichloric  acid,  the  solution  rendered  alkaline 
with  ammonia,  boiled,  and  the  precipitate  of  silica,  alumina,  and  ferric  oxide  filtered  off,  dried, 
ignited,  and  weighed.  The  lime  is  then  precipitated  from  the  filtrate  in  the  form  of  calcium  oxalate, 
filtered  off,  dried,  ignited  to  the  oxide,  cooled,  and  weighed.  The  magnesia  in  the  filtrate  from  the 
calcium  oxalate  is  determined  as  magnesium  pyrophosphate,  m^the  usual  manner. 

The  calcium  oxide  in  common  lime  may  ne  determined  by  boiling  about  0.5  g.  of  the 
.sample  in  aliout  250  c.c.  of  air-free  distilled  water,  cooling  and  titrating  the  cold  solution 

with  ^  HCl,  using  phcnolphthalein  solution  as  an  indicator. 


No.  of  c.c.  ^  IlCd  used  x  0.0028  x  100 
10 

Weight  of  sample 


percentage  of  calcium  oxide. 


Portland  Cement.  -A  weighed  amount  of  the  dried  cement  is  placed  in  an  evaporating  dish 
and  triturated  with  a  little  water  until  all  tendency  to  .set  has  ceased.  Hydrochloric  acid  S  then 
added  ami  the  contents  of  the  dish  evaporated  to  dryness,  then  baked  at  a  temperature  of  200‘*  C.  for 
about  an  hour  and  allowed  to  cool.  More  acid  is  added,  and  the  process  repeated,  after  which  the 
dry  mass  i.s  treated  with  dilute  hydrochloric  acid,  boiled,  filtered,  and  washed,  the  fdtrate  and 
washings  being  made  up  to  250  c.c.  at  is'^C.  The  residue  consists  of  silica  and  insoluble  matter, 
wffiich  are  separated  in  the  usual  manner  by  fusion  with  sodium  carbonate.  A  known  volume  of 
the  250  C.C.  of  .solution  is  now  tran.sferred  to  a  beaker,  rendered  alkaline  with  ammonia,  warmed, 
filtered,  and  the  precipitate,  which  consists  of  ferric  oxide  and  alumina,  washed,  dried,  and 
ignited.  These  oxides  may  be  .separated  and  determined  gravimetrically,  but  owing  to  the  difficulty 
of  carrying  out  a  complete  separation,  it  is  better  to  dissolve  up  the  weighed  precipitate  and  then 


^  Fresenius,  “Quantitative  Chemical  Analysis,”  1900,  I,  340. 
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ehtlnalc  the  iron  voliimrUtcully  l*y  iiir.uiH  <4  lakrMhe 

diflrrericr  an  ihc  atiumiil  <4  aliiiiiiiw. 

If  it  is  U\  tkirnnifu*  ihr  ferrous  iron.  ihi%  i*.  tloiir^  l»v  lrtiiii,itiii|*  ;i  t»f  tho 

cement  withan  rxfrsH  of  \^,uirr  iinlil  all  ifiii|riir\  lo  ‘=ri  liii%  4«l»lnt|t  a  liitlr  hieaiE . 

hcniute,  am!  washing  llie  mi\fuir  into  .i  flask  nifril  «|»  in  ilie  tismil  nianttri  u*t  *>*»|iiiiun  iti  alwcnre 

«i|  air,  ^lissulving  the  ennrnl  m  fiyiliMfliloiif  aenl,  ami  tlfiriiiniting  ilir  in  hi  hv  liliiiiitm  wiih 

pmassimn  hirlirtmiiUf. 

TIsc  lime  :i ml  magnesia  in  ihr  liliriiie  ami  w.t.liitsgs  ilir  lamikinni  girt  iftiiair  t4  feriie 
o\it!r  ami  iilumiim  air  tlfirimiui  «l  in  llir  mtitir  maniirf  a-,  m  llir  i-f  Imir  fwr  aht»\r|. 

Till*  sulphur  ill  the  Imm  of  sulphuric  anhydrldt  i  >  ilririinsini  l.y  aihlini:  a^solmiMn  ni  harimn 
I'liluriflr  fu  a  knuiUi  voltliiir  |4  liir'  isl  •** 4 » fi< HI  i'»rr  ahaxrh  aiiil  tv4lr«  litig  itir  |»irri|»ilitlrf| 

hiiriimt  snlfilnile.  whirti  is  ilrtrtl,  igiiiirtl,  ami  wnglifil,  ’Ihr  siilgliiit  |»frsrni,  in  thr  foriti  *4' 
sulphides,  may  Im  ilrtriiiiiiiril  l»y  *4  kfiHwn  *4  itjr  mfiinlr  in  li^itro*  lih»nr  anti  in 

ihr  aftsriirr  *4  ail,  iiassiiii*  ihr  rvi4\r*i  g*r.rs  llifMiiglt  4  *4  r.nliiiiUMi  rtilt»fiiir,  ainl  mrigliifig 

Ihr  prc‘ri|niiilet|  oilftiiitm  stilfthplr. 

The  alkalis  nuiy  l»e  lirtriiiiiiied  l.»y  Laureiict  Sfiiitli‘s  »iip|  ilir  carbon  dioxide 

lint!  water  itmy  lir  drlefiniitrti  iti  ibr  naitir  tmiiiimi  *i'i  m  fin*  i4ii4l|‘«is  .4  hnir.  Frtf  silk*  ran 
hr  He|iariilr«l  l*v  llir  «»f  Frcstnius,-^  iis«l  iiiani.  Iniir  U-rn  ilrwuiirif  fm  the 

%r|wri4iiiiii  «ff  free  lime,  aiimiig  whkh  nnty  !«*  iiirfiiiMiinl  ihf-’.r  Enright  'ami  Biaiidenburg,^ 

hill  sti  far  m  llir  aiillioi  m  awarr  ilirir  is  im  rilijri  fut  ihr  tlririimii  i»r 

estimiiliim  of  snlr.iaiirr  In  rnnrtil,  m<4  r%i’4rnsr  «i  llir  oi^nwiy  lufin  in  TMiikimi  rrinriil  1*1 
very  fhmht fill.  Thr  inldlli'HI  <»f  IliaV  hr  ilrlrHnl  l»y  lh»  liigli  lo'^i  t«||  igittiiMii,  iftlr 

the  lilteriilion  of  .imillwl  »»f  HiliiriHl-  hy  ihr  ilrlrt liiiluilloli  of  itir  Iti'ioliililf 

rcsidtir,  winrii  shtnihl  ti«4  J  grt  mil.  Ai'r>ii4iii|»  l*»  llir  Hisiisli  Statithifil  .HprritirAiinn 

flOfo)  llip  iii'4»hil»lr  rrshitir  tiiin4  iit»l  r\trrtl  gri  mil. 

Natural  and  Puxxuolanic  or  Slag:  Ctmenti.  11^'#  4tr  in^tlir  liiur  nMtifirt  as 

IkirlLiiiil  crtiirnf,  M*tg  fii*n  hr  ffn«  tlie  hstlrf  hy  Scgtf  hiiiI  Crailltf’i 

Platter  of  Paris.-  14  411*1  lltr  irkinl  **  "  stitl  |4#t%irri,  wr 

niialyw’ti  in  imirli  llir  sititir  11%  Tinilnittltftnrrii  tw*'  \  <  I  1  ,  |  loi  fiilln 
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horllami  rcmriil,  Iriiig  llir  iiiirii  *4  !l$r  ralriifrim%  srwrtifs,  ns  ilsr  s»fir  ffi*«|iipmly 

^iilntiitlrii  III  |ihy*riil  «iitl  wrcimninti  wi4  wlim  «»ilirf  iir  ir*jir*l  iliry  Air  irrdtni  iti 

ttiiirli  the  smite  iimiiiiri’.  The  ihirf  iifiv^iral  iiirrlwiiti  iil  ir*i*  «fr 
.S|iri  llir  I'f.Hiiy.  *  htraliing 

|ritit?firs%,  hrlliiii*  lifiir. 

‘|Vii%tIe -nffrliglti,  t  i4  it-iitiiir  aIpI  mmimlurm, 

Ilrfurr  riifiviiig  Hit!  llir  fr%l»  fm  trti'sjlr  afnl  ntfiltifig  ■'sifriigili,  triiini*  iifttr  mid  ilir 

t'piiiriit  isf  iml  l**f  a  tlr|filt  1.4  |  jii,,  iii«l  lr|4  »tl  4  trtii|#f4iiifr  nf  i|'  |l%  i  . 

Iwrtifv  fiittt 

SpMfcific  Gravity,  iln-s  t»«i  t%  jtliir  4  w  itri  ..ilU  misipA  *  .4  m  I  ii4j4i*«l  ti'<  n 

iiiorr  iImii  ».l»iiil4n}|,  *tn*l  4  lin^mlnlgr  ^  f  ih«-  -.i  r  in.  g«i4»*  whii!r%r|  p,  tf.r  »|r4liiy  *4 

rill .  I  rs  fr*  tfl  I  t4li»  r  AlrlC  #ri  ,  fir  ‘q  p  t  4.*  g*  *4m«rd  fti  llfr 

Ffrfiril  awH  triliiAli  44lit|4l4 '|<riifr  A*«»H4ing!  ilfpi  Jf Hgr.  Ifi,  4!|m||  f  till  ^1, 

llir  %|tri  till  giaim?  **1  l^fllhiinl  <riliri4»  ^  I”  'hr  n.4triUn-4tr|,  iwi'4  hr  |«4 

liwfi  hill.  Ilir  iirlrtinitii4liK*it  liwy  I  r  4  i$f  firn*  »4d  its  4  1  hni  ii 

fiioir  iiiiivriiiPiiiH  itnidr  in  4  '.iirtml  lt4^k  m*  Is  a*-  *f#fi  -4^ « r«|  1  *f  ihr  *  Stailger «tiii 

Blounts  ®»r  in  Ltipptr't  iiiMdifii  nf  L«  Cltatelfir‘i  tir*.  I  hr  \ui'4m4  tin 

*|»jtfiwr**  llir  l«  tllr  lli  llg.  |l,  I  f^r  4*^1  i  w  td#  4^  < -Ml  i$*p  i  i,  i4  f|f% 

tiir|vtilitM*s  Of  i<l|»rr  %iiil#i4r  i}*|i«i-l,  I1>4  f-l.o  r?!  a  latli  <*l  Ii  n  Sf#ii»iiP4itir4 

4l  a  lriii{iria<itir  »4  ifi  t'  04  fm*  tl  rf«ni  ihr  lrt.#l*4  llir 

rntilaiiirti  Iii|iii4  k  rofiifsifii,  Ttii**  m  trmi  'fifh  4irl  i--  laming  u  ihr  h.mri 

|»k%*  %|iilff,  I«#I  gv  ^4  llm  irtiiritl  lh^$4  irhhd,  ihr  -4f^‘^|rf  st  p  *irftril,  fiii4  fir 

lotllr  1%  griilH  lA|i|tr»inii  a  \i4i  in  oidrf  tw  i^ri  ml  ^<1  An>  Aif  llir  tloA  nfiow 

irplftfCii  ill  thr  WaIpI  ialll,  wItP  ||  ipil'it  h»  frlAilird  a?  ihr  Iring.  4I  4  mh»  n  ihr  Irwrl 

i4  ihr  iit|ltif|  pt « ilir  |rmlin|*  U  liWli,  4  tP  iP  <  f  s!  It.mir  ^  h  tfir*  «|  |  rt  |jf*4iiid 

%|*8rr. 

*  t'ft«ikr'i,  *'Hrlr*4  *4  t  Altiii|»l»h’ 

hre*rfiiii«,  ** hHtitiiiliilite  I  |iritiis:Al  '  J,  J|»i, 

'  /rwrw,  Jmtrr.  C'%m,  ,lf4.  *  f  1^:14, 

*  t  %«,  /rih,  tt^l,  J|, 

^  Hrgrr  »ii*l  C'fAiiirf*  /r##  ,  ay,  Ijti, 

*  Stafigrf  firitl  lllimnf, /iiw##,  AVa  C%«#.  /##»/,  IJi  i|||. 
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The  volume  of  liquid  displaced  by  the  cement  is  given  by  the  difference  between  the  two 
readings,  and  the  specific  gravity  of  the  cement  is  calculated  from  the  equation— 

Volume‘^spUced  =  ^P*=‘^'‘=er.'ivity. 

A  convenient  meUiod  of  ensuring  that  the  petroleum  or  turpentine  is  quite  free  from  water  is  to  add 
a  little  freshly  dried  cement  to  the  liquid  some  time  before  transferring  it  to  the  bottle. 

Fineness.— The  degree  of  fineness  of  the  cement  is  of  the  utmost  importance,  and  during  recent 
years  far  more  attention  has  been  paid  to  this  point  than  was  formerly  the  case.  The  fineness  is 
tested  by  means  of  sieves  of  brass  wire  cloth,  which  must  be  woven  and  not  twilled.  According  to 
the  British  Standard  Specification  (1915)  the  residue  left  on  a  sieve  containing  32,400  meshes  per 
stjuare  inch  must  not  exceed  I4  per  cent.,  when  100  g.  of  the  sample  is  continuously  sifted  for 
a  period  of  fifteen  minutes,  and  that  left  on  a  sieve  containing  5,776  meshes  per  square  inch  must 
not  exceed  i  per  cent,  under  the  same  conditions.  According  to  the  German  “Normen”  the 
residue  must  not  exceed  5  per  cent,  on  a  sieve  ctmtaining  900  meshes  per  .square  centimetre,  the 
width  of  the  mesh  being  0.222  mm. 

Tensile  Strengfth.— Tests  for  tensile  strength  were  among  the  first  to  be  carried  out  in  the 
mechanical  testing  of  Portland  cement,  and  they  are  still  almost  universally  employed  in  this 
country,  although  a  knowledge  of  the  tensile  strength  is  comparatively  usele.ss  i)ecause,  in  the  great 


Fu;  31.— Specific  (iravity  Bottle.  Fig.  32.— Briquette. 

majority  of  cases,  it  m  only  the  compressive  strength  that  matter.s.  The  cement  is  mixed  with  such 
a  proportion  of  water  as  to  form  a  plastic  mixture  after  filling  the  mould.  It  is  then  moulded  in 
brass  or  gun-metal  moulds,  which  should  be  wiped  with  an  oily  cloth  before  filling.  The  shape  of 
the  briquettes  employed  at  different  times  has  varied  considerably,  hut  that  shown  in  Fig.  32  is  the 
usual  modern  form,  and  the  one  recommended  by  the  British  Standard  Specification  (1915).  The 
bricjuettes  are  kept  in  a  damp  atmosphere  for  twenty-four  hours  after  gauging,  and  are  then  placed 
in  clean  water  at  a  temperature  of  15^-18”  C.  (58"“64‘*  F.)  until  required  for  breaking  ;  if  they  are  to 
be  kept  for  more  than  a  week  the  water  mu.st  be  changed  every  .seven  days.  ^  They  are  tested  for 
tensile  strength  immediately  after  being  removed  from  the  water.  The  machines  for  breaking  the 
brifjuctte  vary  very  con.siderahly  in  design,  one  of  the  oldest  and  best  being  the  Adie  Testing^ 
Machine,  shown  in  Fig.  33.  According  to  the  Briti.sh  Standard  Specification  (1915)  the  briquettes 
are  to  be  prepared  without  ramming  or  hammering  in  any  form,  and  are  to  be  te.sted  at  seven  and 
twenty-eight  days.  The  average  breaking  stress  of  six  briquettes  must  ^ not  l)e  les.s  than  450  lbs. 
per  Mjuare  inch  at  seven  days,  and  at  twenty-eight  days  the  average  breaking  stress  of  six  briquettes 
must  not  be  less  than  the  number  of  lbs.  per  .square  inch  arrived  at  from  the  formula— 

,  ,  ,  40,000  lbs. 

Breaking  stress  at  seven  days  i ,  . .  . ■  . 

breaking  8ires.s  at  seven  days 

In  addition  to  the  test  with  neat  cement,  similar  test.s  are  carried  out  with  a  mixture  of  ijmrt  by 
weight  of  cement  aful  3  ixirts  by  weight  of  dry  standard  sand.  According  to  the  British  Standard 
Specification  (1915)  the  average  breaking  8tre.H.s  of  six  of  the  cement  ana  sand  brkpiette.s  must-be 
not  less  than  200  Ibfi.  per  8<|uare  inch  at  seven  days,  and  at  twenty-eight  days  the  average  breaking 
stress  six  briquettes  must  he  not  less  than  the  number  of  llis.  per  square  inch  arrived  at  from 
the  formula— 
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^  t  •  .  .  j  .  10,000  lbs. 

Breaking  stress  at  seven  days  + - — - - - - —  • 

breaking  stress  at  seven  days 

The  tensile  strength,  both  of  neat  cement  and  of  a  mixture  of  cement  and  sand,  is  omitted  in  the 
German  “  Normen.” 

Crushing  Strength.  —  The  compression  test  is  of  much  greater  importance  than  the  tensile 
test,  although  it  is  not  so  frequently  employed,  at  any  rate  in  this  country.  Cubes  of  specified 
dimensions  are  moulded  and  kept  in  the  same  manner  as  the  briquettes  described  above,  ^nd  are 
then  tested  for  resistance  to  compression.  The  machines  for  carrying  out  this  test  are  almost  as 
variable  in  design  as  those  employed  for  the  tensile  test,  but  as  in  most  Portland  cements  the 
crushing  strength  is  about  ten  times  as  great  as  the  tensile  strength,  the  machines  have  to  be  much 
more  powerful.  Amsler  and  Laffon’s  press  is  a  very  popular  form,  and  another  machine  which  is 
very  convenient  and  satisfactory  is  that  manufactured  by  the  Associated  Portland  Cement 
Manufacturers  (1910)  Limited,  which  is  shown  in  Fig.  34.  Notwithstanding  its  importance,  the 


Fig.  33.— The  Adie  Testing  Machine. 


compression  test  has  so  far  been  omitted  in  the  British  Standard  Specification  for  I^rtland  cement. 
According  to  the  German  “  Normen,”  however,  a  mixture  of  i  part  by  weight  of  Portland  cement 
to  3  parts  by  weight  of  standard  sand  must  have  a  compressive  strength  of  at  least  120  kg.  per 
.square  centimetre  after  seven  days  (one  day  in  moist  air  and  six  days  in  water),  and  a  coin- 
pressive  strength  of  at  least  250  kg.  per  square  centimetre  after  a  further  twenty-one  days  m 
air  at  a  temperature  of  IS'’-20'“C.  Portland  cement  intended  for  use  under  water  must  show  a 
compressive  strength  of  at  least  200  kg.  per  square  centimetre  after  twenty-eight  days  (one  day 
in  air  and  twenty-seven  days  in  water). 

Setting  Time.-— The  setting  time  of  cement  is  not  usually  of  great  importance,  except  in  the 
case  of  quick-setting  cements,  when  it  is  an  indication  of  the  length  of  time  during  which  the  cement 
may  be  worked  during  gauging.  It  is  divided  into  two  periods,  known  respectively  as  the  initial 
set,  and  the  final  set  or  set  hard.  The  time  of  the  initial  set  is  the  period  between  the 
addition  of  the  water  and  the  moment  when  the  mass  loses  its  fluid  condition,  and  the  hnai  set  is. 
the  period  between  the  addition  of  the  water  and  the  moment  when  the  cement  is  sufficiently  tiara 
to  vfithstand  a  specified  pressure.  The  initial  set  is  sharply  defined  in  quick-setting  cements,  but 
is  very  vague  and  ill-defined  in  those  which  are  slow  setting.  As  the  setting  time  is  aftected  by 
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the  amount  of  water  used  and  the  temperature  of  the  room  in  which  the  test  is  carried  out,  the 
paste  must  be  made  of  a  specified  consistency,  and  the  test  should  be  carried  out  at  a  definite 
temperature,  usually  at  15®- 18°  C.  Both  the  initial  and  final  setting  time  are  determined  by 
means  of  the  Vicat  needle,  shown  in  Fig.  35.  The  needle  is  i  mm.  square,  and  is  loaded  to 
300  g.  The  cement  is  contained  in  a  split  ring  8  cm.  in  diameter  and  4  cm.  high,  which  rests 
on  a  glass  plate.  The  consistency  is  often  considered  correct  when  the  mixture  is  plastic  after 
being  filled  into  the  ring,  as  in  the  British  Standard  Specification  (1915),  but  a  modification  of  the 
Continental  method  is  frequently  used.  In  this  method  the  consistency  is  considered  normal  when 
a  plunger  i  cm.  in  diameter  and  weighted  to  300  g.  penetrates  to  within  6  mm.  of  the  bottom 
of  the  pat.  The  initial  set  is  considered  to  have  taken  place  when  the  i  mm.  needle  no  longer 
penetrates  to  the  bottom  of  the  mould,  and  the  final  set  when  the  needle  fails  to  make  any  im¬ 
pression  upon  the  surface  of  the  cement.  Various  automatic  devices  for  the  determination  of  the 
setting  time  of  cement  have  been  introduced.  Tetmajer  used  flowing  water  to  depress  the  needle 


Fig.  34. — Compre.ssion  Test  Machine  made  by  the  Associated  Portland 
Cement  Manufacturers. 


at  regular  intervals,  and  recorded  the  distance  through  which  the  needle  moved  at  each*stroke  by 
means  of  a  pen  on  a  rotating  disc.  Goodman  employed  a  small  wheel  instead  of  a  needle.  A 
rolling  motion  was  imparted  to  this  wheel,  which  dipped  into  a  trough  containing  the  cement,  and 
a  pencil  attached  to  the  axis  of  the  wheel  traced  the  setting  curve.  Perin’s  instrument  has  a  needle 
driven  by  clockwork,  and  the  record  is  taken  as  a  series  of  arcs  on  a  drum.  None  of  these 
instruments  has  proved  satisfactory.  In  Marten’s  apparatus  there  are  three  needles  placed  side 
by  side,  which  are  held  up  by  means  of  magnets,  and  caused  to  descend  at  intervals  by  means  of  a 
cam  which  cuts  out  the  sustaining  magnets.  After  an  interval  of  half  a  minute  the  needles  are 
again  raised,  and  the  table  carrying  the  cement  moulds  moved  forward  ready  for  the  next  im¬ 
pression.  Although  this  instrument  is  superior  to  the  others,  the  results  obtained  with  it  are  said 
to  be  less  trustworthy  than  those  obtained  by  hand.  In  1908  Woodcock  patented  an  automatic 
apparatus  (Patent,  No.  17,245,  1908).  This  apparatus  is  actuated  by  means  of  clockwork, 
and  consists  of  two  Vicat  needles  which  are  gently  lowered  on  to  two  semicircular  pats  of 
cement  of  standard  thickness,  held  in  moulds  resting  on  a  turn-table  which  moves  onward  one 
space  every  ten  minutes,  so  as  to  bring  a  fresh  portion  of  the  pat  under  the  needle.  The 
whole  is  enclosed  in  a  case  in  which  the  temperature  can  be  kept  under  control.  Once 
started,  the  apparatus  needs  no  further  attention,  the  time  of  setting  in  minutes  being  ascertained 
by  counting  the  number  of  impressions  and  multiplying  by  ten.  This  apparatus  has  been  in  use 
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since  1908  at  the  laboratory  of  Mr  F.  Woodland  Toms,  official  analyst  at  Jersey,  and  has  proved 
quite  satisfactory,  giving  results  which  are  more  consistent  than  those  usually  obtained  by  hand. 
Another  automatic  machine  is  Nicol’s  Spissograph. 

Gary  ^  has  introduced  a  thermometric  method  of  determining  the  setting  time  of  cement,  in 
which  the  evolution  of  heat  during  the  process  of  setting  is  ascertained  by  means  of  a  thermometer 
embedded  in  the  cement,  which  is  held  in  a  rubber  ring  placed  in  a  glass  vessel  and  packed  round 
with  sawdust  in  order  to  avoid  loss  of  heat.  The  initial  set,  as  indicated  by  this  method,  is  some¬ 
what  earlier  than  that  obtained  by  the  usual  Vicat  needle  test,  and,  in  the  case  of  slow-setting 
cernents,  frequently  cannot  be  detected  at  all,  on  account  of  the  dissipation  of  the  heat  of  hydration 
taking  place  as  fast  as  its  evolution.  Also  the  results  obtained  with  different  quantities  of  cement 
vary.  For  these  reasons  the  use  of  this  instrument  has  been  abandoned,  at  anyrate  in  this  country. 
There  can  be  little  doubt,  however,  that  this  is  a  more  scientific  method  of  ascertaining  the  setting 
time  than  that  usually  adopted,  since  it  indicates  a  real  point  of  chemical  change  in  the  cement, 
instead  of  an  arbitrary  point  depending  upon  the  weight  of  the  needle  chosen,  and  when  it  has  been 
further  developed  it  will  probably  supplant  the  older  method. 

In  the  British  Standard  Specification  (1915)  Portland  cement  is  classified  in  three  groups 
as  follows  : — 

Quick  Setting. —When  the  initial  setting  time  is  not  less  than  two  minutes,  and  the  final 

setting  time  is  not  less  than  ten  minutes,  or  more  than  thirty 
minutes. 

Medium  Setting. — When  the  initial  setting  time  is  not 
less  than  ten  minutes,  and  the  final  setting  time  is  not  less 
than  thirty  minutes,  or  more  than  three  hours. 

Slow  Setting. — When  the  initial  setting  time  is  not  less 
than  thirty  minutes,  and  the  final  setting  time  is  not  less 
than  three  hours,  or  more  than  seven  hours. 

In  addition  to  these  grades,  specially  slow  cements,  of 
which  the  minimum  time  of  setting  has  been  specified,  may 
also  be  supplied.  According  to  the  German  “Normen” 
the  initial  setting  of  normal  Portland  cement  must  not  take 
place  in  less  than  an  hour  after  gauging,  but  for  special  pur¬ 
poses  a  quicker  setting  cement  may  be  prepared,  which  must 
be  marked  as  such.  The  final  setting  time  is  not  specified. 

Constancy  of  Volume  and  Soundness. — The  tests  for 
constancy  of  volume  and  soundness  are  the  most  important 
of  the  mechanical  tests.  Soundness  was  formerly  attributed 
to  the  presence  of  free  lime,  due  to  over-liming  or  under¬ 
burning,  which  slaked  and  expanded  after  the  setting  of  the 
cement,  causing  the  latter  to  “blow.”  At  the  present  time 
this  view  is  somewhat  modified  by  most  cement  chemists. 
Owlinary  quicklime  undergoes  immediate  hydration  on  the 
addition  of  water,  and  therefore,  even  if  present,  could  not 
be  the  cause  of  any  subsequent  expansion  ;  but  when  the 
lime  exists  in  a  more  or  less  crystalline  form  the  hydration 
takes  place  much  more  slowly.  The  expansion  of  cement 
after  setting  may  therefore  be  due  to  the  presence  of  lime 
35* Vicat  Needle.  in  a  more  or  less  crystalline  form,  in  excess  of  that  which 
the  alite  is  capable  of  holding  in  combination  or  in  solid 
solution,  or  it  may  be  due  to  the  presence  of  an  excess  of  magnesia,  or  to  an  excessive  proportion  of 
sulphates.  The  expansion  in  the  latter  case  is  considered  by  Candlot  to  be  due  to  the  formation  of 
calcium  sulpho-aluminate.  Many  methods  have  been  proposed  for  carrying  out  the  test  for  change 
of  volume  and  soundness  ;  at  the  present  time  an  accelerated  test  is  generally  employed.  In  the 
Faija  test  a  fre.shly  gauged  pat,  placed  on  a  glass  plate,  is  subjected  to  a  temperature  of  40.5°- 
43®  C.  in  a  moist  atmosphere  until  set,  and  is  then  immersed  in  water  at  a  temperature  of  46°-49®  C. 
for  the  remainder  of  twenty-four  hours.  If  the  pat  does  not  show  any  cracks  or  blisters  on  the 
surface  next  the  glass  the  cement  is  considered  to  be  sound,  otherwise  the  sample  is  spread  out 
in  a  thin  layer  in  a  cool  dry  place  for  a  day  or  two’ and  the  test  repeated.  If  this  second  pat 
does  not  show  any  cracks  or  blisters  the  cement  is  considered  sound  when  properly  aerated.  The 
Le  Chatelier  test  is  usually  employed.  The  apparatus  consists  of  a  split  brass  ring  30  mm. 
in  diameter  and  30  mm.  deep,  to  which  two  pointers,  150  mm.  in  length,  are  soldered  (one  on 
each  side  of  the  split).  The  ring  is  placed  on  a  glass  plate,  filled  with  the  cement  paste,  covered 
over  with  a  second  glass  plate,  and  the  whole  placed  in  water  at  15“- 18°  C.  for  twenty-four  hours 
to  set.  The  distance  between  the  ends  of  the  pointers  is  then  measured  and  the  apparatus  is 
placed  in  cold  water,  which  is  then  gradually  raised  to  the  boiling  point,  and  kept  boiling  for  six 
hours.  After  cooling,  the  distance  between  the  ends  of  the  pointers  is  again  measured,  the  increase 
in  the  distance  being  termed  the  expansion.  According  to  the  British  Standard  Specification 
(1915)  the  soundness  of  Portland  cement  must  be  determined  by  the  Le  Chatelier  method,  and  the 
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expansion  must  not  exceed  to  mm.  when  tlu-  samidc  has  l>een  iwt.iU-'l  l<'i  iwrmy  Ui.ii  !i.-ui .  lu  !h- 
manner  described  on  p.  124-  If  expansion  is  ijrealer  than  this  limit  the  test  iim  .t  !..•  1.4..  ...  4, 
with  the  difference  that  the  sample  is  aerate.!  at  15  -iS  C.  i.ir  sev.-ii  d.iys  hrl.nr  t.-.'ii.,-  In 
this  case  the  expansion  must  not  exceed  5  mm. 

M  ic:  Rose  C)  I'  I C  X  A  M I K  A 11 0  X 

A  microscopic  examination  of  cement  is  often  td  value  for  detcTting  ilir  iiirHcnrr*  4dtiiirfi.iii?  > 
Thus,  Kentish  rag  can  he  di.stinguished  from  clinker  hy  its  light  rtdoyi  .md  "iniOMili  4|»|‘r4i^iii:‘ 
when  examined  under  the  microscope.  The  nncrosci^e  hiiM  played  an  rvrn  im»ir 
however,  in  the  investigation  of  the  consliiuentH  of  eettient  clittker  *iml  luiitlnioil  ^ 

earliest  attempts  to  utilise  the  microscope  in  lids  manner  were  tine  to  Lc  Ch*t€ll<ef  afiil  rcIflttoOpfii* 
the  names  ‘'‘Af/zVe,”  etc.,  hy  which  tlie  cotistituenis  id  cemml  i  liiikn 

due  to  the  latter inve.stigator.  The  microscopic  examination  of  tin*  rhnkn  ma)  t>r  catijril  .<iiri  $ii 
two  ways:  (l)  One  .side  of  a  thin  chip  of  clinker  may  he  giound  and  |Hdi’4iril,  ihr  ’»in  »i*di  •iaff.ir'." 
cemented  to  a  piece  of  glass  hy  means  of  ('anada  halnmn,  and  the  oilirt  snlr  ilini  ip»*iifid  nntd  ibr 
section  is  sufiicienlly  thin  and  polished.  The  thin  seetion  i%  then  irnioietf  Ifoiii  ilie  |.'l4=r-, 
on  a  microscopic  slide,  covered  with  a  cover  glass,  ajid  e\*nnin«*il  ynd«*i  ilir  itii«  i<|.r  li.'.ii,. 

mitted  light.  (2)  A  cldp  of  the  clinker  is  gtouml  atui  polished  nn  oia*  l.ter  muH,  r 
under  the  microscope  hy  retleeied  light,  in  the  same  pnaniin^  as  nml.il  1  and  .  ,iir  »  %  inunr.! 
metallographists.  Owing  to  the  diflirulty  of  ohlaitdtig  ■Hrrlion*  t#l  4ift«  irin  flinnit  ,,  ihr  '.r  ..n.i 
method  is  to  he  preferred.  'Fhe  ohjianive  sliMisld  he  eoneiird  foi  n.r  Vki'hi-aif  4 
most  convenient  power  being  a  6  nmn,  and  tlie  eyi^piece  should  ho  oi  pMwn  i.  * 

give  a  magnification  of  abtau  Jch)  diameters. 

In  order  to  polish  the  clinker  it  is  ruhhed  on  a  seties  of  railmitiiitlnin  f*i  -jli.-.  !•.  ’* 

carborundum  clotli  or  paper,  each  successive  block  or  eloifi  hriiii*  of  finrt  giam  fhaii  fin-  hr.?  .  tht 
final  polish  is  then  obtained  hy  means  of  imtge  01  liliiiidita  ftiwiiwtiiiiir  pow..lrii  mh  .1  pi*  *■' 
stretched  cloth.  Water  must  not  he  used,  as  it  attacks  the  cliiikri,  W'lirn  uipl.  s  ,4  Ir,.-: 

the  finished  surface  should  he  free  from  seraleheH,  and  ?4ioii|i|  pir’iriil  4  |il*r  polrh  I.,, 

order  to  bring  out  the  structure  it  in  neeesHury  to  etelt  the  pofixtinl  xtiilaip  h|  n  ^ 

stretched  cloth  moistened  with  water,  or  hy  mraii'^  of  a  i  pri  rriif.  ahohoi*" 
chloric  acid. 

The  following  constituents  are  found  in  cemeni  eliiikei  : 

AHte. —This  constituent  is  in  the  foim  of  neaily  colottile^^i,  vv«ll  ilriiiird,  '‘•*^-.4,  . 

the  rhombic  system.  It  appears  to  he  the  iitifiejpal  piodiui  mI  ihr  i  hriin*- ,4  o*  r  i  ru%  < 
materials  in  the  kiln,  and  the  quantity  found  m  the  clinker  tticfrir*rs  vmiIi  thr  pi  0  .  *  .  % 

pre.sent.  According  to  Richardson,  alife  is  a  solid  soliiiion  of  iiirahinio  4^’  .n,  ir  4I 

aluminate  (see  j).  uu).  C'rystals  of  pure  alite  have  hmi  pfr|«itril,  ainl  ihr*.r  i  >404  1, 

lime,  silica,  alumitm,  ferrous  t>xidf,  and  magnesia. 

Belite.—This  is  situilar  to  alite,  hut  lias  a  ilatket  rotoiif,  ami  -iliows  luir  'iiiii,  ft 

appears  to  contain  less  lime  than  alite.  It  h  hy  no  itnxtiii  |ifrwfii  in  *iil  rniintl  kti? 

is  msually  found  in  cements  which  are  poor  in  lifinx 

Celite.—Celite  and  alite  are  the  primdpal  roieitiiiirtiH  of  rrttirtil  ^|i . 

only  ones  which  are  eHsentiah  Ckditr  is  daiket  in  riilotif  Ikiit  »litr.  piohaldy  #«i  gsi-Miifii  ,4 
larger  propordon  of  iron  which  it  ctmtaifiH.  In  the  elfiiker  it  tonnx  4  maitix  hei^rrn  i|ir  .,1 

alite,  so  that  it  appears  to  he  the  more  fusible  of’  tlir  rtiiiirr*  w'liicli  Ii4'.  a»fit4ilf  litrlir^  i? 

the  clinkering  temperature  amid  then  solitlifitnl  ax  a  eittertk  tiiiMiifr.  An  iiirfra'^rd  -d 

oxide  in  the  clinker  causes  an  incmiied  pto|M>rdoii  of  rrlile,  Arcootifig  to  r.-litr  r..  .a 

solid  solution  of  dicalcium  silicate  in  dicakiiim  ftitimitiale  f^r  p.  1  io|, 

Felite,  —This  constituent  doi*!!  not  often  occur  in  ceitietit  rlifibcr*  tuil  foiitni  m  14 ra 
slag.  It  forms  rhombic  crystak,  and  may  contain  titagiirsw  wltni  k  pir»riif  iii  tfjr  4  Isoi*  1 
Belite  and  felite  are  prolmbly  two  form«  of  thr  ‘itiiiir  xol id  vilwitoti.  AiVfifiliiig  i-.,  ^^pprii  si' 
proportion  of  belite  to  felite  in  cement  clinker  depends  upoii  ilir  Iritt|ri4iiiir  «f  fhr  iiiii,  fitr  po. 
duction  of  felite  l>eing  favoured  liy  a  high  tem|wrttl«rfx 

When  clinker  is  etched  with  i  per  cent,  alcoholic  Indrwdthaic  arid,  afid  r%4t««irs|  I4  o  ilr:.  r  .| 
light,  it  presents  the  appearance  of  a  number  of  grains  cmtiedtlrtl  in  aii  fnaii  h  I  lu 

grains,  which  are  attacked  liy  the  etching  reagent,  cofivkl  ul  w|iil4  ihr 
appears  to  be  mainly  rc/Z/c,  fait  often  contains  more  or  less  of  it  liarfl,  wlnir.  Iskr 

A  number  of  pis  cavities  are  always  seen,  showing  itial  ihe  rlinker  irct  mu  oprn,  piiiinrr  |ibe 
structure.  Clinker  from  rotary  kilns  generally  pre^enis  a  ntiirli  lifirf  1I1411  iliti 

stationary  kilns,  otherwise  it  is  essentially  the  wime. 

Hardened  cement  may  Itc  poUslicd,  etched,  and  cMiimincfl  iii  iltr  ftwntief  m  rlnikiti  |  m-i 
constituents  are  found,  the  first  of^which  in  'tiimll,  itregnkr  griitit%,  rifitiril4e*l  iti  4  4.1I 

the  second  ctmstituent.  The  gramn  eouikt  of  linaliered  rcniriii  ciitikrr,  4%  iif4%  br 
etching  with  i  |>er  cent  alcoholic  hydnichhirk  ati*b  when  ilirit  %tftiriiifr  inny  li^s  tf^n 
matrix  may  l>e  dyed  by  immeriicm  in  an  aiiilmc  dye.  ihtw  ^tinwing  sf v  riillonkl  muir  iwr  p 
The  fact  that  hardened  cement  coniaini  nrirliafigwl  rliiiker  wliy  n  will  in  il 

and  gauged  with  water,  and  also  wliy  exircniflv  fine  iirimliiig  itnptivri  rrttiriif 

^  Kapimu  /uffimi  17^ 


127 


SliCTION  !,X 

SORKL  ci-:mhnt 

By  James  ShI'I/ion,  1\L(\ 


LFFERATURK 

I)ains.  —  “  Magnesite  I k'pnsits  of  hKlia,” /.*V.  C*, /.,  XXVIIL,  p.  503, 

<.‘enu‘nls^  Limes  and  Plasters.’^  J905*  New  Vnrk.  **  The  Nlineral  Industry.’ 

190C). 

(iKtiTHER.— Dammar’s  Tedmnlogie  der  Neu^ert.” 

pRKUssNKR.--7^wV/(f/«/r/>  ZeifuHXi  XXV,,  p.  2115. 

Luijmann.— XXV.,  Report  345* 

ScHEERER.-— **  Der  Magnesit.”  1908.  Wein  and  Leipzig,  Hartleheri’s  Verlag. 

It  has  been  fcmnd  that  a  paste  made  by  mixing  lightly  t'aUdned  magnesia  with  a 
concentrated  solution  of  magnesium  chloride  sets  to  a  hard  mass  owing  to  the 
formation  of  a  hydrated  basic  chloride,  the  composition  of  wliich  may  he  expressed 
by  the  formula  Mg(T.,.5Mg0.xlI,/),  the  value  of  x  being  about  17.  This  com¬ 
pound  is  one  of  the  strongest  binding  materials  kncnvn,  ancl  tht^  mixture  of  chloride 
and  oxide  is  technically  employed  under  the  name  of  Sorel“  (or  Magnesia-) 
Cement 

I’he  magnesia  is  obtained^  by  calcining  magnesite,  MgCO.j,  at  a  temperature 
of  about  800®  C. 

The  magnesite  was  formerly  burnt  in  contact  with  the*  fuel  in  shaft  kilns,  hut 
the  modern ~  practice  is  to  employ  regenerative  gas-fired  furnaces.  The  calcined 
magnesia  should  be  free  from  carbonate,  as  during  the^  setting  of  the  cement  the 
carbonate  is  decomposed  with  evolution  of  carbon  dioxide  and  tlm  production  of 
an  unsound  cement.  The  standard  quality  stipulated  for  by  (,'ontinental  conHumers 
at  Leipzig  in  1908  contains  85-90  per  cent,  of  magnesium  oxide  and  less  than 
4  per  cent,  of  lime. 

'Fhe  magnesium  chloride,  MgCl„  is  obtained  as  a  by-product  from  the 
mother  li(|uor  obtained  in  the  extraction  of  potassium  chloride  from  the  deposits  of 
carnallite.  MgClo.KCl.fiH.p,  at  Stassfurt." 

The  mother  Htpior,  on  evaporation  at  boiling  point  to  a  specific  gravity  of  1.34,  deprmti 
magnesiurn  sultihate  with  chlorides  of  sodium  and  potasmwm.  The  hut  Hipior  is  separated  from  the 
cryHtah  and  is  run  into  casks  in  which  it  solidifies  on  cooling,  ancl  in  this  stale  is  put  on  the  market 
as  magnesium  chloride,  ZOV/c/v/,  the  mother  litpior  after  extraction  of  common  «ilt  from  sea  water, 
is  another  source  of  magnesium  chloride. 

For  the  preparation  of  sorel  cement  a  Holution  of  magnesium  chloride,  MgClj, 
of  specific  gravity  1.16-1.26,  is  employed.  Sulphate  should  have  been  removed 
previously  by  precipitation  witlt  barium  carbonate.  The  magnesia  is  intimately 


^  See,  however,  ihi<i  wcjrk,  VoL  I.,  p.  366. 

^  Sec  thii  work,  V<iL  L,  p.  329,  St&stfurt  Industry,  alio  Weldon  and  Deakin  Process. 


128 


INDUSTRIAL  CHEMISTRY 


mixed  with  the  aggregate,  and  the  mixture  is  then  moistened  with  magnesium 
chloride  solution  and  filled  into  moulds. 

Mixtures  of  chloride  and  oxide  of  magnesia  are  sometimes  made  and  sold  under  the  name  of 
drysorel  cement.  These  are  prepared  either  by  simple  mixture  of  chloride  crystals  with  magnesia 
or  by  heating  the  crystals  of  MgCl2.6H20.  At  temperatures  above  _l86“  C.  water  and  hydrochloric 
acid  are  evolved  from  this  chloride,  and,  by  judicious  heating,  a  mixture  of  oxide  and  chloride  in 
the  correct  proportions  may  be  obtained  (see  Patent,  No.  8,307,  of  1908).  The  dry  sorel  cements 
deteriorate  on  exposure  to  the  atmosphere  and  should  therefore  be  packed  in  soldered  tinned  iron 
vessels. 

Mag'nesium  oxychloride  is  one  of  the  strongest  cements  known.  A  mixture 
of  I  part  of  this  cement  with  4  parts  of  sea  sand  gives  a  crushing  strength  of 
over  8,000  lbs.  per  square  inch.  One  part  of  the  oxychloride  will  serve  to  cement 
8  parts  of  sand.  The  cement  is  not  appreciably  affected  by  exposure  to  frost, 
rain,  or  occasional  flooding,  and  therefore  finds  extensive  application  in  the  manu¬ 
facture  of  artificial  stones  for  building  purposes,  especially  window  sills  and  door¬ 
steps,  but  it  is  not  suitable  for  stones  constantly  exposed  to  water.  Owing  to  its 
great  mechanical  strength,  this  cement  is  used  in  the  manufacture  of  abrasive 
wheels  which  can  be  run  at  a  considerable  velocity,  but  such  wheels  are  by  no 
means  reliable  unless  they  can  be  kept  quite  dry.  If  employed  for  wet  grinding 
they  soon  crack  and  become  dangerous.  Silicate  cement  is  not  open  to  this  objec¬ 
tion  (see  Grinding  and  Polishing  Materials,  p.  415)-  Sorel  cement  is  some¬ 
times  employed  in  the  manufacture  of  artificial  marble  as  it  is  capable  of  taking 
a  very  fine  polish. 

Many  patent  flooring  compositions  contain  magnesia  cement  (see  British  Patents,  Nos.  14,173  and 
14,297,  of  1906),  and  a  material  known  as  ‘‘xylolite’’  is  composed  of  sawdust  united  with  this  cement. 
In  Hamburg  a  flooring  which  is  much  in  vogue  is  made  by  using  magnesium  oxychloride  to  cement 
sawdust  which  has  been  impregnated  with  oil.  Such  a  floor  i  in.  thick  costs  8s.  per  square  yard. 

The  cost  of  sorel  cement  is  considerably  higher  than  that  of  Portland  cement :  during  the  year 
1909  the  price  of  calcined  magnesia,  its  principal  ingredient,  was  $14  to  $16  per  ton  at  the  Californian 
magnesite  deposits  and  $13  in  Greece,  whilst  the  average  price  of  Portland  cement  throughout  the 
United  States  during  the  same  year  was  $5  per  ton. 
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Artificial  stones  are  produced  by  cementing  together  rock  fragments  such  as 
quarry  waste,  sand,  mining  tailings,  etc.  Because  of  their  relative  cheapness  and 
freedom  from  flaws,  these  artificial  stones  compare  favourably  with  the  natural 
product.  The  size  and  shape  of  the  blocks  can  be  varied  at  will,  and  ornamental 
stones  are  now  manufactured  which  equal  in  appearance  the  carved  natural  stone. 

There  are  several  kinds  of  artificial  stone,  and  as  they  do  not  readily  admit  of 
classification,  they  may  be  described  briefly  as  follows  ; — 

Concrete. — Under  the  name  of  concrete,  building  stones  and  paving  blocks, 
steps  and  window  sills  are  manufactured  from  a  mixture  of  one  part  Portland 
cement  with  three  to  nine  parts  of  mineral  fragments  (or  aggregate),  varying  in 
size  from  fine  sand  to  large  pebbles.  Steel  rods  are  often  embedded  in  the  material 
in  such  a  position  as  to  take  the  tensile  stresses,  the  concrete  itself  being  capable 
of  bearing  considerable  compression  (see  Concrete,  p.  118). 

Victoria  stone  is  a  concrete  made  of  finely  crushed  granite  with  a  third  of 
its  weight  of  Portland  cement.  It  is  usually  made  from  Leicestershire  granite 
which  has  been  washed  free  from  soluble  salts,  dried,  mixed  with  cement,  and  the 
mixture  wetted  and  compressed  into  moulds.  The  blocks,  when  set,  are  hardened 
by  immersion  in  a  bath  of  sodium  silicate  for  about  a  fortnight.  Exposure  to  air 
effects  a  further  hardening  of  the  blocks,  but  the  hardening  is  seldom,  if  ever, 
complete. 

This  stone  has  a  crushing  strength  of  over  8,000  lbs.  per  square  inch,  and  shows  a  porosity  of 
1.3  per  cent,  when  immersed  for  twenty-four  hours  in  water.  Iron  oxide  is  often  added  to  impart 
a  red  colour  to  the  stone.  “Imperial  Stone,”  “Empire  Stone,”  and  “Indurated  Stone”  are 
concretes  of  a  similar  nature. 

Ward’s  stone  is  a  concrete  composed  of  oolitic  limestone  and  Portland 
cement,  and  is  utilised  for  ornamental  stairways.  Another  variety  of  stone  sold 
under  this  name  is  composed  of  granite  and  Portland  cement.  Stuart’s  grano¬ 
lithic  stone  and  Globe  granite  are  of  similar  composition. 

A  concrete  made  of  crushed  York  stone  chippings  and’  Portland  cement, 
hydraulically  pressed  into  moulds,  is  sold  as  a  paving  material  under  the  name  of 
non-slip  stone  (see  also  Patent,  No.  383,  of  1902). 
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Clinker  and  Slagblocks. — In  certain  districts  mixtures  of  lime  with  natural 
puzzuolanic  materials,  destructor  refuse,  or  granulated  blast  furnace  slag,  are  utilised 
for  the  preparation  of  building  and  paving  blocks,  but  they  are  only  used  to  a 
limited  extent,  generally  by  municipal  authorities,  or  large  firms  who  can  find  a 
definite  use  for  them. 

Ford’s  silicate  of  lime  stone  is  produced  by  pressing  a  mixture  of  burnt 
lime  and  sand  into  a  perforated  mould.  The  lime  is  slaked  with  boiling  water  and 
the  stone  hardened  by  exposure  to  superheated  steam  for  a  few  hours  at  a  pressure 
of  120  lbs.  per  square  inch. 

Ransome’s  artificial  stone — one  of  the  earliest  of  this  class  of  material — 
is  described  under  Sodium  Silicate  (p.  134)- 

Plaster  cements  are  used  as  the  binding  material  in  many  artificial  stones 
and  imitation  marbles  which  are  very  suitable  for  interior  decoration,  but  are  of 
little  use  in  situations  exposed  to  the  weather.  The  veinings  of  natural  stone  are 
imitated  in  various  ways.  A  common  method  is  to  render  plaster  slow  setting  by 
gauging  with  size  water,  and  to  colour  it  by  the  addition  of  such  substances  as 
graphite,  pyrolusite,  cinnabar,  litharge,  chromium  oxide  or  zinc  white.  This 
mixture  is  then  kneaded  together  on  a  glass  plate  so  as  to  form  a  paste.  For  the 
preparation  of  Marezzo  marble,  fibrous  materials  dipped  in  a  cream,  or  slip  of 
Keene’s  cement  (p.  117),  coloured  to  the  tint  desired  for  the  veining,  are  arranged 
on  a  glass  plate.  A  thin  coat  of  slip,  tinted  to  the  body  colour  of  the  marble,  is 
then  poured  on  the  plate.  The  threads  are  picked  out,  leaving  some  of  their 
coloured  slip  in  the  place  they  occupied,  and  dry  Keene’s  cement  is  added  to 
absorb  the  superfluous  moisture.  A  backing  of  cement  is  then  added  to  give 
rigidity  to  the  slab. 

According  to  Czermak  (British  Patent,  No.  9,376,  of  1901),  marble  may  be  copied  in  the  following 
manner  :  A  thin  slip  of  coloured  plaster  is  cast  on  a  glass  plate.  The  plaster  is  allowed  to  set  and 
4  then  broken  and  the  fragments  separated  slightly  from  each  other.  Plaster  of  another  colour 
is  then  applied  so  as  to  fill  up  the  interstices  and  produce  veinings.  See  also  British  Patents,  Nos. 
7,081  and  18,744,  of  1901  ;  Patent,  No.  17,700,  of  1905. 

Scagliola  is  the  trade  name  of  a  stone  manufactured  from  Keene’s  cement 
mixed  with  colouring  matters,  to  which  is  added  water  containing  dissolved  glue 
or  isinglass. 

Sorel  cement  is  employed  for  the  manufacture  of  stones  of  great  mechanical 
strength.  Particles  of  carborundum  or  corundum  cemented  with  this  material  form 
abrasive  wheels,  but  these  are  not  of  the  best  quality  (see  p.  415)*  Stone  stairways 
and  stair  treads  are  prepared  with  sorel  cement,  and  in  some  localities  this  material 
is  used  in  the  manufacture  of  building  blocks  and  window  sills.  Unfortunately,  it 
is  not  very  resistant  to  the  weather. 

This  cement  is  sometimes  employed  as  the  binding  material  for  artificial  marbles,  as  the  cement 
sets  to  a  hard  mass  capable  of  taking  a  very  fine  polish.  See  Patents,  Nos.  8,556  and  16,640,  of 
1901  ;  No.  20,492,  of  1902. 

Other  binding  materials  utilised  in  special  cases  for  artificial  stones  are  asphalt,  pitch,  wax, 
casein,  powdered  talc,  sulphite  cellulose  (Patent,  No.  11,830,  of  1904),  etc.  A  stone  may  also  be 
prepared  by  mixing  sand  with  linseed  oil  and  flowers  of  sulphur.  On  heating  the  mixture, 
vulcanisation  takes  place  and  a  solid  block  is  produced. 

Reconstructed  stone  is  manufactured  from  the  debris  of  limestone  quarries. 
This  is  crushed,  mixed  with  dolomitic  lime,  and  charged  into  retorts  in  which  it  is 
heated  to  1,000°  C.  The  calcined  mixture  is  then  slaked  and  consolidated  in 
moulds  under  pressure.  The  blocks  are  exposed  to  the  drying  action  of  air  at 
about  40°  C.  and  are  placed  in  steel  tanks.  The  tanks  are  then  closed,  the  con- 
ta  inedair  is  pumped  out,  and  carbon  dioxide,  driven  off  from  a  further  supply  of 
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raw  material  in  the  retorts,  is  pumped  into  the  tanks  ;  the  lime  is  thus  reearl donated, 
yielding  fairly  hard  blocks; 

Blocks  of  stone  similar  to  marble  may  he  pHnluceil  by  I'ompressing  slaked  lime  ami  earhonie 
acid  snow  into  moulds  made  of  fusible  metal.  If  clay  is  added,  a  stone  suitable  ft)r  iitho‘,traj>liie 
purposes  may  be  obtained  (see  Patents,  No.  13, 4^)7,  oi  ic)oo,  and  No,  20,070,  of  1905). 

Moreau  marble  is  prepared  by  immersing  soft  a  uorphous  ]iuu‘stonc  in  a 
bath  of  zinc  sulphate  so  as  to  harden  it.  The  limestone  blocks  iu  e  cut  to  si/t‘  and 
stained  befort^  immersion.  Afterwards  they  are  dried  by  hot  air,  and  in  some  cases 
the  blocks  themselves  are  heated. 

The  material  has  a  crushing  strength  of  over  4,000  lbs.  per  scpiare  inch  and,  on  polishing,  gives 
a  surface  ecpial  to  that  protluced  on  natural  marble. 

Lime-sand  bricks  (p.  223)  are  sonuaimes  made  in  largta*  si/cs,  and  the  material 
is  then  classed  as  an  arlificitd  stoiu*  Ikitent,  No.  2,605,  of  itjoC)), 

Blast  furnace  sla'<  is  t'asl  in  iit)n  moulds  and  then  allowed  to  (anti  slowly  in 
an  annealing  oven,  llric'ks  so  produciul  mak('  a  good  paving  material.  Sec  also 
“  Clinker  Bricks  ”  (an/c). 
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A  SOLUTION  of  sodium  carbonaU*  or  hydroxide  slowly  dis.s<dvfs  siliea.  'The*  raft* 
of  solution  may  be  accelerated  by  boiling  under  pressure,  and  this  is  one  (jf  tint 
methods  employed  for  the  manufiudun*  of  sodium  silicate.  Mini  is  commonly  usetl 
as  the  source  of  silica  ;  it  i.s  reduced  to  a  finct  state  of  subdivision  by  luiiting  to 
redness,  then  quenched  by  tipping  it  into  a  large  ma.ss  of  water  and  grinding  the 
cracked  mass  to  a  fine  powder.  In  some  districts  infusorial  c‘artli  i.s  ust:d  instead 
of  silica.  The  silica  powder  is  digested  with  caustic  soda  in  an  iron  bcnler  fca  about 
twelve  hours  at  a  pressure  of  about  60  lbs.  per  H(|uart*  inch.  An  almost  neutral 
liquor  is  thus  obtained,  and  this  is  concentrated  until  it  has  a  speciru*  gravity  of 
about  1,7.  The  syrupy  .solution  containing  about  50  per  cent,  of  sodium  silicate 
is  put  on  the  market  under  the  names  sodium  silicate,  waterglass,  soluble 
glass,  etc. 

An  alternate  procesn  involving  the  fusion  of  a  mixture  of  iiHra  and  Kodhtrii  Mtits  in  abo  commonly 
employed.  The  silica,  pulveri.Hed  as  above,  ii  mixed  with  a  litik*  charcoal  powder  and  the  walinm 
(:arl)Dnate,^or  sometime.^  liydroxide  or  sulphate.  The  nuiKS  is  then  ftiitHl  in  a  reverberatory  furmwe 
for  about  eight  hours,  at  the  end  of  whicli  time  it  m  run  off  into  moulds.  The  blocks  so  protlueed  are 
crushed  and  then  dissolved  by  boiling  with  wtUer  in  closed  vessels  under  presnure. 

The  composition  of  the  commercial  article  is  .shown  approximattdy  by  the 
formula  Na/).4Si0.j,  but  many  samples  have  a  greater  or  less  amoimt  (jf  sditm  than 
this  formula  indicates. 

A  mixed  silicate  of  soda  and  potash  is  sometimes  prcparctl,  ami  it  is  claimctl  that  with  an  rqmtl 
percentage  of  silica  this  tnixturc  has  a  greater  niiidily  than  a  solution  of  stidiiim  silicate. 

Sodium  silicate  is  decomposed  by  carbon  dioxide,  gtdatitious  silica  being 
deposited,  but  with  bases  such  as  lime  and  magnesia  insolulde  silicates  arc  |)roduf:cd. 
Because  of  these  properties  water-glass  is  largely  entployed  as  a  cementing  material 
and  for  reducing  the  poro.sity  of  stones  (see  l^atent,  No.  12,980,  of  190E).  It  is  also 
employed  as  a  rust-proof  coating  for  metals,  for  the  preparation  of  silicated  soaps, 
for  impregnating  wood  or  cloth  to  reduce  inflammal)ility,  and  as  a  fixing  agent  for 
various  dyes,  especially  in  stercochromic  work.  An  insulating  material  for  camTing 
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SECTION  LX  III 


LUTES  AND  MISCELLANEOUS 

CEMENTS 

By  Geoffrey  Martin,  I’h.D.,  D.Sc. 

The  more  important  cements  have  been  describtal  above  in  tiie  preceding  articles. 
There  remain,  however,  a  considerable  number  of  miscellaneous  lutes  and  cannents 
which  are  of  the  greatest  possible  use  to  the  chemical  engineer  and  works  chemist, 
and  a  brief  account  of  these  will  not  be  out  of  place  here. 

Lutes  and  Cements  to  Resist  Sulphuric  and  Nitric  Acids.-  -( i )  Powdered 
pumice  is  mixed  with  silicate  of  soda  solution  of  50“  Be.  If  the  lute  is  rec|uired  to 
set  hard  add  a  base  like  red  lead,  or  lime,  or  magnesium  oxidt\ 

(2)  A  mixture  is  made  of  2  parts  of  powdered  asbehtos,  i  part  of  barimn 
sulphate,  and  2  parts  of  silicate  of  soda  solution  of  50"  Be.  tiensity  if  the  acids  acting 
on  the  surface  are  concentrated,  and  130"  Be.  if  they  an^  dilutee  In  any  case  the* 
surface  of  the  cement  should  be  painted  with  acids. 

Another  good  lute  muclTi  used  for  nitric  acid  retorts  consists  (»r  blue  aslassios 
fibres,  blue  asbestos  powder,  sodium  silicate  solution,  together  with  a  little  tallow 
and  boiled  linseed  oil 

(3)  A  cement  which  will  resist  hot  nitric  acid  consists  of  a  mixture  cjf  i  part 
of  asbestos,  i  i)art  of  sand,  and  2  parts  of  silicate  of  soda. 

(4)  Acid  pipes  are  usually  luted  with  wet  blue  asbestos  fibres,  pressed  togetlier 
so  as  to  form  a  paste  or  mat,  and  moistened  with  sodium  silicate  solution. 

Lute  Proof  against  Nitric  and  Hydrochloric  Acid  Vapour.— Mix 
together  i  part  resin,  t  part  sulphur,  2  parts  brick  dust.  Then  melt  together.  ^ 

Lutes  for  Chemical  Retorts.— »(i)  The  following  is  a  very  andent  one:— 
Mix  together  2  parts  of  fine  lime,  2  parts  of  fine  flour,  and  t  |mrt  of  potter^^s  ciarth. 
Beat  up  the  white  of  egg  with  an  equal  bulk  of  water,  and  make  the  solids  into 
a  paste  with  the  liquid. 

(2)  A  well-known  recipe,  which  is  also  usc^d  in  melting  pots,  is  this:«Mix 
sifted  brick  dust  with  an  equal  amount  of  red  lead.  Rub  the  mixture  with  boiled 
linseed  oil  and  coarse  sand  to  the  stiff^ness  of  cement.  To  rovt?r  vessels,  apply  the 
paste  and  then  dust  sand  over  it. 

(3)  For  large  pots  use  a  mixture  of  3  parts  litharge,  2  parts  freshly  burnt 
pulverised  lime,  i  part  white  bole ;  linseed  oil. 

(4)  Freshly  slaked  lime  is  mixed  into  a  concentrated  solution  of  Imrux,  Hu* 
mixture  is  applied  with  a  stifif  brush  and  allowed  to  dry.  When  heated  the  cenumt 
fuses  to  a  glaze. 

See  also  above  under  Lutes  and  Cements  to  resist  Nitric  and  Sulphuric  Atadn.” 

Crucible  Lutes.— (1)  Powdered  clay  and  brick  dust  are  mixed  with  a  solution 
of  borax  in  water. 

(2)  Freshly  slaked  lime  and  a  concentrated  solution  of  borax  are  ma<lc  into  a 
paste  and  allowed  to  thoroughly  dry  after  applying. 

Crucible  Cements.— (1)  Mix  powdered  clay  and  brick  dust  with  water  or 
a  splution  of  borax.  With  the  borax  the  lute  fuses  to  a  compact  vitremiH  mass  in 
the  crucible. 
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(2)  2  pails  slaktxi  \hm\  :  paib  lantix,  atitl  i  pail  uf  liiliaigr  uml  water  are 

made  into  a  paste, 

Cement  for  Furnaces,  l;'irr  ^  lay*  i  pan  .  tnirm  inv  1  lay,  t  pan  ;  mixrd  with 
sufficient  siliea  of  scitla  to  niaki*  ii  plann’. 

Cement  to  Resist  White  Heat.  I*  liiiithaptS  I  |ail  .  iiiaiigaiirsr  dioxidCi 
I  part;  salt^  |  pari;  hoiax,  |  pail;  iion  fit'r  foiiii  itiui  tt\iik\  2  parts; 

pulverised  day,  4  parts.  Mix  with  wain  tt»  toriii  a  ihirk  paste  ;  iim*  iiiuiic‘diatdy, 
and  beat  slowly  to  nearly  whileiit*ss. 

Water  Glass,  Zinc,  and  Pyrolusite  Cement.  Mi\  tinirkly  together 
100  parts /ine  white,  Ho  pints  pyroltif4lt%  20  ftails  walrf  gkss,  aiid  apply  at  once. 
This  cement  hardens  in  a  shurl  liiiita  and  is  mbpirtl  fur  rniiriiliiig  the  joints  of 
pi|a;*8  ex|Kist*d  to  a  red  heat.  Wlirii  ItHtal  it  a  ghois  like  piint  of  great 

adhesive  power, 

A  joint  which  will  resist  great  heat  oi  maile  hy  inixing  asbi-atis  fHiwder 

into  a  thick  paste  with  litpiid  Hiliriiir  of  scmLi. 

NoH'^conducting  Cement  for  Covering  Boilers  and  Steam  Pipes* 

Mix  together  Piirllarnt  reiiiciil,  1  piiil ;  lloiifi  2  p.ifi’i ,  sawtliCiis  4  piiirOi;  fine  mind| 

I  part.  Next  ink  in  day,  4  purls  ;  liaii,  },  |iifi.  Mix  well  %viili  wiiier  to 

consisttmry  of  inorlar,  and  apply  wiiti  a  irowri  to  ilie  ilin  kiit-^s  i»|  t  in.  When  dry 
apply  sina-cssive  td  1  in.  lltti  iifilil  a  ilrpih  ut  5  •*  sie  llin  knr*'is  of  com* 

position  is  applied.  Kiirh  etiitl  tiiiisl  ln^  dry  lirlinr  flo-  itrxi  1%  applied.  Fiiiidly, 
give  two  to  ihrta-  ecmls  of  tar. 

Many  such  tainipiealioiie  .iir  ihr  iiiaiii  haM’i 

Cement  for  Fixing  Tiles  in  Fireplaces  and  Graies,  Mi%  r»|tiii!  piirntof 
plimter  of  Paris,  sand,  *tml  hair  nioiliir. 

Cement  for  Fixing  Iron  Bars  into  Stone  4  *  tiiop^nfid  uf  njimi  imns 

of  pitch  and  Hiilphiir. 

Cement ^  for  Seams  and  Joints  of  Sitmr  Cistmii.  n  parts  of 
powdered  hrkk  ;  t  put  of  W'liilr  hsid  .  1  pats  *4  Islltasgr  \lt%  to  a  pwlr  with 
lioiled  linseed  oil 

Cement  for  Steam  and  Wiiler  Joints,  ui  Fowiinrii  lifliatir,  10  Ihs. ; 

plaster  of  Piiris,  4  !le»  ;  if**!  Ie;itl  ,1  11**,  .  yrlluu  stthir,  J  Ih  ,  hr«i|f  itti  iiiln  |dn. 
lengtlw,  I  o/.  ^fix  with  liotiri!  Iiis%rrt|  <iil  l«i  i  v  0!  piiily 

(3)  While  lead,  10  farin;  fii.iii^taip'-.e  |  pair.,  t  |arl.  Mix 

|f»  II  pylly  wiili  hoileti  liiiserd  nil. 

(4)  Hicdollowtiir  I’*  d  I'ltMil  triiif’iii  i'Mf  Lit  #fl  -o  AS4d  pdui  \\  lute  liaih  I  pari ; 

red  !e‘ad,  i  pari.  Mi\  milli  miJ  I0  a  paiH  WI0  n  yit.ti  heal  fia*  tti  hr 

resisted  add  t  pari  td  plifiiilaao  iimiair 

Cement  for  Cisterns  and  Wiilerciiiirses.  p^wfirfril  Imriii 

day,  50  piirlti ;  jiowdeoil  file  funk  §0  pm  ^  t  .  pail.  si«  iti  tiniled 

lirmeed  flit  until  the  Utah's  uf  !tir  1  v  4  |ss'.|  IVti  iinli 

the  parn^  to  be  rovrrril  lidoir  aftplyinp 

Rust  Joint  Cement /or  CasUrtin  Cisterns  laastun  borings 

S  itrt. ;  powdered  *al  aiiifiioiilis  t  .  lioni  ui  'mlplnip  /  u*.  Mi\  with  wafer. 

(2)  A  dclWrr  artiiii.;  but  brllfi  *rtipiil  uf  tiMiifiip-.,  n  lte». ; 

powdered  Mil  ainnioiitae,  1  1#/.  ,  fioni  ot  ^tilplon,  ’  \lu  4%nli  tt.iiui. 

1‘tie  weight  III  praiflii*.  of  iln  soai  Ifufiiu'  Oi  Ih  tii  lis.iiiiip  4  |*iiilt  H 

obiaiiied  tiy  diviilitig  tiy  fi%’r  ilir  t  ulm  t  uniriii*.  01  jo*  hr  !h4 

(41  Aiiolliri  iiiii*  If  ir*rt{  itfixiijir  « iiii’ii'4%  u|  not*  idou/*,  '.*il  ,11000  aiiae,  .iinl  arriir 
arid.  I’ned  ffir  ioiiiifig  togrihrr  ihr  *»r*  11011%  of  1  nuii  i.oia  ,11  at  Milk, 

Enamel  Glaze  Cement  for  Coating  Iron  Pati«  i  hot  plars  t  jo  parp. ; 
iodimii  eiiihofialta  p4ri% ;  b^tn  41  ul,  12  p.ifi .  I  4%i  ih%  ni  I  ,  liiisi  heal 
io  rediit”i\  and  larntilly  aiimad. 

Cement  for  MarWe.  in  I  mr  %4ndp  20.  iiIoims  diy  %lilrti  Imir,  1; 
pktiitrr  of  ikiri%,  1,  Makr  intfi  *1  pnit^  aiiIi  ifu'lvl  1000*^4  *^4 
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(2)  Keene’s  Marble  Cement  consists  of  baked  plaster  of  Paris,  moistiaied 
with  a  saturated  solution  of  alum,  recalcined  and  reduced  to  powder. 

Cements  for  Joining  Metals  and  Woods.-  (i)  Melt  resin  and  stir  into 
it  calcined  plaster  of  Paris  until  the  mass  is  pasty.  Add  boiled  oil  until  tht*  paste 
is  thinned  somewhat,  and  apply  hot. 

(2)  Dissolve  in  boiling  water,  glue,  2}  lbs. ;  gum  ammoniacum,  2  oz.  Add  in 
small  quantities  2  oz.  sulphuric  acid. 

Cements  for  Joining  Metals  to  Earthenware. —Mix  together  washed 
fine  sand,  20  parts ;  litharge,  2  parts ;  powdered  (|uicklime,  i  part ;  mix  with  boiled 
linseed  oil,  and  colour  with  pigments. 

Cements  for  Joining  Metals  to  Glass,  (i)  Mix  2  pgrts  of  powdered 

litharge  and  i  part  of  white  lead.  Then  stir  this  powder  into  th(i  lu|uu  fornied 
by  mixing  3  parts  boiled  linseed  oil  with  i  part  of  copal  yiiniish. 

(2)  Melt  together  wdth  stirring  on  the  water  bath,  copal  varnish,  15  ;  drying  <al, 
5  ;  turpentine,  3.  Then  add  10  parts  slaked  lirnt*. 

Turner’s  Cement.— Bees’  wax,  2  parts;  resh|^  i  part;  pitch,  i  part.  Melt 
together  and  stir  in  fine  brick  dust.  ^ 

Cement  for  Plumbers.— Black  resi^  t  part ;  brick  2  parts.  Melt 

together,  ^ 

Cement  for  Joining  Porcelain  A’eads  to  Bars.— Mix  Portland 

cement  with  hot  glue. 

Cement  for  Fixing  Pyrometers  into  Furnaces.  A  mixture  of  litharge 

and  glyc^erine  is  much  used. 

Composition  Insoluble  in  Benzene  and  Petroleum.  Gelatine  mixtal 
with  glycerine  yields  a  licpiid  when  hot,  but  which  .solidifies  on  c’ooling,  forming 
a  tough  elastic  material  which  much  resembles  incliarubber,  and  is  tpiile  insoluble* 
in  petroleum  or  benztuie. 

Casks  can  be  made  impervious  to  benzene  or  petrefieurn  by  painting  on  the 
inside  with  this  compound. 

I'he  material  is  also  used  for  printers’  rollers,  and  also  buffers  for  stamps. 

It  should  be  noted  that  ordinary  soap  is  insoluble  in  benzene,  and  forms  a  gotid 
lute.  Therefore  also  a  good  lubricant  for  pumps  working  benzene*,  and  for  threads 
of  screws. 

Joints  which  will  resist  benzene  may  be  made  of  a  mixture  of  plaster  of 
Paris  and  hot  liquefied  glue.  Apply  hot.  Litharge  and  glycerine  also  form  a 
good  lute. 

Lute  for  Neck  of  Bottles  with  Glass  Stoppers.  “~'I’ake  et|ijal  parts  of 
linseed  meal  and  whiting,  and  make  into  a  stiff  paste  with  water.  Apply  nnmd 
stopper. 

Dental  Cements.— (i)  r  part  of  finest  pulverised  glass  is  mixed  with  3  parts 
of  calcined  zinc  oxide  (which  must  be  kept  in  wclb.stopp(‘red  bottles).  1  part  of 
borax  is  dissolved  in  the  minimum  amount  of  water,  and  mixed  with  Anc  cidoricie 
solution  of  1.5  sp.  p.,  which  must  also  be  kept  in  a  welbcorktal  bottle.  For  use,  the 
powder  is  mixed  wUh  some  of  the  licpiid  to  form  a  putty,  whicli  soon  liardens  to  a 
stone-like  ma.ss.  The  material  is  an  ex(*ellent,  tenacious,  quickdntuling  cement, 

(2)^  5  parts  of  oxide  of  zitic,  2  parts  silica  (silex),  1  part  borax,  are  ni(»istened  with 
a  solution  of  r  oz.  zinc  chloride  in  6  drachms  water.  It  sets  in  thirty  minutes. 
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SECTION  LXIV 


CLAYS  AND  ALLIED  MATERIALS 


By  Alfred  B.  Searle 

.  Analytical  and  Consulting  Chemist^  Sheffield 

LITERATURE 

The  literature  on  clays  is  very  prolific,  but  most  of  the  information  is  scattered  through  scientific 
and  technical  journals  not  readily  accessible.  The  following  books  will  give  all  the  information 
required  by  those  who  are  not  specialists  in  clays: — “British  Clays,  Shales,  and  Sands,”  by  A.  B. 
Searle  ;  “The  Natural  History  of  Clay,”  by  A.  B.  Searle;  “Treatise  on  Ceramic  Industries,”  by 
E.  Bourry,  translated  and  revised  by  A.  B.  Searle;  “Clays:  their  Occurrence  and  Use,”  by  H. 
Ries  ;  “The  Silicates,”  by  W.  and  D.  Asch,  translated  and  revised  by  A.  B.  Searle  ;  “  Handbuch 
der  gesammten  Tonindustrie,”  by  Bruno  Kerl ;  “Notes  on  Pottery  Clays,”  by  J.  Fairie ;  “Die 
feuerfesten  Tone,”  by  C.  Bischof ;  “Science  of  Brickmaking,”  by  G.  Harris;  “  Gesammelte 
Schriften,”  by  H.  Seger  ;  “The  Clayworker’s  Handbook,”  by  A.  B.  Searle. 

Most  books  on  applied  geology  also  deal  with  clays,  though  usually  in  a  somewhat  superficial 
manner.  Further  information  on  clays  will  be  found  in  the  literature  listed  under  such  headings  as 
Pottery,  Earthenware,  Porcelain,  Bricks,  Tiles,  Furnace  Linings  and  Refractory  Materials  in  the 
present  volume. 

Geologically,  clays  are  regarded  as  the  product  of  the  action  of  the  weather  on 
granitic  (felspathic)  rocks,  but  the  term  is  also  applied  to  most  minerals  which 
possess  the  property  of  being  plastic  when  mixed  with  a  suitable  amount  of  water. 
The  materials  included  as  “  clays  ”  by  geologists,  therefore,  comprise  many 
mixtures  of  clays  and  other  minerals,  and  no  classification  of  clays  from  the  geologi¬ 
cal  point  of  view  is  wholly  satisfactory  to  those  engaged  in  the  industries  in 
which  clays  are  used. 

So  far  as  their  chemical  constitution  is  understood,  clays  appear  to  consist 
essentially  of  one  or  more  aluminosilicic  acids,  that  is,  of  complex  acids  containing 
silica  and  alumina  combined  with  the  elements  of  water,  the  whole  forming  a 
definite  chemical  compound  of  an  acid  character. 

For  many  years  it  has  been  understood  that  there  is  in  all  clays  a  certain  essential  and  character¬ 
istic  material — for  which  the  term  “clay  substance”  is  usually  employed,  but  a  careful  study  of  the 
products  obtained  by  purifying  various  natural  clays  inevitably  leads  to  the  conclusion  that  the  term 
“  clay  substance”  is  not  one  single  chemical  compound,  but  is  applicable  to  a  number  of  different 
substances,  all  of  which  are  very  closely  related  to  each  other.  Just  as  in  organic  chemistry  there  is 
a  large  class  of  alcohols  (ranging  from  the  simple  methyl  alcohol  to  the  highly  complex  sugars  and 
benzene  derivatives),  so  the  term  “  clay  substance  ”  covers  an  enormous  number  of  different  substances 
of  the  same  general  properties  and  closely  allied  to  each  other,  their  chief  characteristic  being  that 
they  are  all  aluminosilicic  acids.  It  should,  however,  be  observed  that  the  term  “  clay  substance  ”  is 
used  somewhat  loosely  by  some  writers,  and  is  often  applied  to  crude  clays  which  cannot  be  further 
purified  than  by  the  elutriation  they  have  received.  Such  clays  not  infrequently  contain  a  consider¬ 
able  proportion  of  rock  flour  of  a  highly  siliceous  or  ferruginous  character,  together  with  extremely 
fine  particles  of  mica  and  other  minerals,  which  are  clearly  not  of  the  nature  of  clay." 

Failure  to  recognise  the  definite  nature  of  true  clays  has  created  an  enormous  amount  of  con¬ 
fusion,  and  the  number  of  erroneous  statements  in  the  literature  of  clays  ahd  allied  substances  is  so 
great  that  it  is  exceedingly  difficult  for  the  student  to  know  what  is  true  and  what  is  incorrect. 

The  difficulties  experienced  in  the  investigation  of  the  constitution  of  clays  are  enormous,  and 
are  due  quite  as  much  to  the  stable  nature  of  the  “clay  molecules”  as  to  the  complexity  of  their 
constitution.  Indeed,  it  is  difficult  to  find  any  other  group  of  substances  of  so  definite  a  character 
which  leads  so  easily  to  the  drawing  of  wrong  conclusions.  Thus,  the  action  of  alkalis  on  clays 
leads  to  the  conclusion  that  clays  are  colloidal  in  character,  and  this  appears  to  be  confirmed  by  the 
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power  they  p»shfHs  t»f  aiKurhisiit  tlyrn  ;  \r\  ihrir  iH  .iiiiplr  hi  \|iuw  ilu4i  tlj^.  ariitm  of 

alkalis  in  io  mm  new  roj«p>niii«U,  awl  ftsa!  ihr  .nl  .ontiir^it  umI  a  tnu’  lul-.orpijow  Ihh  a 

definite  chemical  eomlnoaiion  of  ihr  ai'id  |i'!av‘  ttiu}  ihr  Iti  .t  %ittii!.ti  m.mnrt,  the  fact 

that  clays  dtj  not  melt  sh.u ply  flskr  most  drliintr  i  lirmn  ,il  ktjf  ovri  4  i.uipe  of  tem- 

perature  (like  mivlmcHaitd  llir  so  eallcd  "’solul  %M|ii!ioi} .  '1,  ts  tdieii  iltMiipJjf  h,  >4}mw  that  clays  do 
not  possess  a  tlelinife  rhai.uirt  so  lai  as  ihcit  ila-iim.il  *  oitsf  iiniiMO  i-*  t  hhi  ri Of  I,  llus  eimrhision 
overloukH  tlie  rematkahk*  ir-asiaiuT  **1  i  lay*,  to  ihr  ailton  »*|  hf-ai  atnl  ihrii  iraill.tfii  |«»w  con¬ 
ductivity*  am!  il  is  l»y  no  means  mi|ai4sil»lr  llial  tlir  i4ii|»r  ‘-I  In  4011  ihri  rslitlal  is  due  Itt  this 
tesistaiuT  and  not  to  llieii  clifmit'.d  roir.|*inii«*ii  af  all, 

ThcMiiltinillv  id  ptsrdyiii|»  riapi  wiiliotji  sruoiisly  altnitig  ilirn  i  laiiposiiioii  r,  a  soiucr  of  endlcHH 
trtmble  to  those  who  are  invrsliipiting  tlien  milMir  anti  pfopriiirs.  Tbr  in.iifials  with  which  all 
natural  clays  ate  contaminalcil  ran  iHtly  i»r  iriiiovnl  lo  a  %"rt\  liiiiiirsi  r^iriil  I4  rliiiiiaituit  ami 
deptisltion,  lot  the  finest  parlirlrs  of  ms  k  tlinii  lt*ur  a  s|irt'4lit  so  cliisr  In  llial  of  llir  true 

clay  as  tt»  rentier  c«i«i|»|cle  srpaialif»ti  l»y  llii**  iiiraiis  t  liritosal  iray^rni’^  will  nut 

leuuivr  these  advenlilums  intnerais  %%iihMtii  siiiiiiliaisroiish  aiiai  l»isi|»  fhr  *lav»  11**1  rs  any  solvent  f«tr 
the  clay  kniiwn  which  dors  iml  riihcr  tteromposc  li  oi  atlatk  iltr  tmptsniirs  utr-irtil  tn  it,  Tlie 
usual  methods  of  purifkalion  l»y  riystalii^ialioii  air  iiij|»|*lirstl4r,  ami  iltr  foftiiaiioii  ni  soluble  nr 
iuHoluble  ctim|Hi«n*is  which  can  aflriw-aftli  lie  irconvrfird  inlo  ibr  miipnal  iday  liai  mil  yrl  liren 
amiinplishrd.  Keveritl  iiivesfigilors  il*o.  iiiriboii  of  oidy  ii»  fifid  that 

the  eliiy  ilsrlf  wm  ronvertcil  iiilo  an  isiuiiriic  aluitniiostli*  i*  41  nl  fioiii  wlncli  iltr  i»ft|*imi|  sitlaiiiiice 
ttiuki  not  be  obtained. 

Clay^  lichavc  ptrcKrly  like  ttihrr  rtiiii|}|r%»  tiisnlisblr  ftiitbi;  ilia!  is  to  -.ay,  tliry  ronttunr  with 
ddhnle  strilchioiiirliic  propoiii«»it*i  of  basrs  wlirn  lir*i!rd  %\ith  sohilioits  *•!  ilir  ktlri»  but  ilir  '“clay 
molecule”  is  st»  romplrs*  ami  it  has  so  stnm|*  a  irtplriii  \  to  fotHt  I’lPiiirfic  ami  sininlei 
that  it  k  eicerdinfjy  diflictiU  lo  sr|i4i#tlr  Ihr  ,ilisiiiiipoiln  4trs  lints  i.biitniril.  Hy  Itisiiig  clays  with 
alkalis  or  c.tibonairs  ifir  t omplr\  aliititino'ulasiir  foiiw  4  l-i  ftir  AifiMn  of  apprar  to  be 

picitliiCfd,  but  oil  firainpt  llir»  r  Willi  stt»  li  a-*  aciin  ‘i  biJi  a*  id,  ibr  t‘nfii|ilr\  sail  t*i 

drcompicird*  aiul  on  e\a|toi4liMfi  aial  iputllr  n:iofioli  all  ihr  .rpas  ifrs  yj  4  sinlr, 

Wfirn  heated  lor  a  loii|»  tiinr  with  loicmtiaird  Milpbutc  *  Ui  air  M»io.rfir»l  ntio  soliiblr 

alurniimsdicic  ai  ills  with  !*»«  .  ol  ’.tin  a,  01  sslo  «  amt  attmooa  I  nfotiiittfiirH' Ilir  ir-aition  which 
occurs  is  HO  complr\  llt.il  ihr*  tiratwrin  1  aiilr  !  i>i  limdr  llir  I  44-.  i4  4  inriliod  of  itif 

pifi|imlit  fi  of  true  iktv  in  4  Minpfr,  iliMtich  lirm  t  osr4  lof  thvi  ftiiipose  rirr  sinre 

Seiterk  rlassual  icsratdi  on  ihr  «4iti|r#  I  in-nr  iIiaii  thsiiy  iram  I  ofotfiitialrly*  V|jri  iwri- 

kM»kcd  tfir  fact  tliat  tlif  aiiioSMtl  llir  -.ulplHifo  jm4  4.  !>*  m  4  laiMal  dr* of 

the  aiitl  iltr  loriiatiofi  ».f  4  ntnir  'siablr  akitiu}  >oi|it  n  4*  td,  I  lir  pir  r.r  41  nl  hniiiril  fir|irnf!* 
oti  the  molcfultii  toiistilnfioft  of  ihr  oiiiJitwl  »k%,  and  fnr  >  .  Olaur.  I«rr  miut» 

lelspai,  «ifid  liihrr  silirroii.  tniiiifab.,  tlir  *  '4ii|  ^  'Ci  ai  I  t!  r  s./iiildr  »y  ihi  ’4ii|i||iific  and 

dtirs  not  ipvc  any  clear  itpliialion  of  iltr  )  omp  rafoai  **l  #45|;*int|  » !  11 ,  W^llt  iriy  f*iifr  i  ht| » 

Mich  as  flic  tmrsf  ip.idrs  of  loPdin  *4  t  Intu  44%  ktitii  »  *ir.iarid  ir%ii|f ,  air  olcanird,  btil  rvrii 

llifne  iismdlv  show  4  hiijn  |ifo|otiiMr  i*!  tier  .ilioi  limn  o«  4. pirsnii,  4ii«l  thr  mrltiml  h 
iherrfofc  liable  to  Iv  sriionsly  tiii*4rst*liii|*, 

llif  ai  liofi  Ilf  lira!  f»n  imr  *  la)  s  laluiiiino  .do  h  o  4- .  j .  i  'nopl*  s  .\i  4  frinpriaiiitr  i»f 

uboiil  t**  ttm  at  id  u  coinrilni  inPs  mi  atih^dtiJr  iiri«  o5c.i*i|criil  b.*. .  of  As  llir 

atiliyiiiitfc  u  far  4ii»»rr  slabir  tfuii  llr  aMil,  it  iradili  hr  il.ai  t  u  foil  lowri 

tnnperaiiirr  some  sbglil  |o',*  ,4  w  uri  tumif.,  Im!  the  of  drlndfatioti  «fi!%  with 

appirnablr  fa|n«lit)  at  Iriii|irf4liifrs  4ppi«4*  liifig  ^  *  ar-i  .doir  t  hr  afooimf  i4  wain  loiittrtl 

by  llii^  tir!'Miii|i»tMlron  dr|trii*|%  pailisiiki  ahsioii***  4I0  o  .1.  4  |  ^  iiilli  ihr  first  kmiiiii 

tu  rliin.4  cl.iy  il  ivrinprs  af«oiif  i|  pn  irn?,  Ihr  4i<li|»|i4fh'  il.es  ioi<«rd  u  lit  iiioir  iradily 
solllbir  111  asiif  4  fh.ifl  is  the  oiiiJinal  iililr‘o  llir  Imaftfiij  |}H%  firri^  lAifird  *«il  4l  so  a. 

lrin|irf4fiiic  di If  ilrM.ifipo aiitm  of  p«»Unirii*4iion  oirstis*  *m4  in'a4i,l4r  frorpi  m  h)iir*4liiotfi 

aiihyiiihlr  r*  pfotbitrd.  If  flir  Iriii|af4i«fr*  is  trc*H  lopli  4h«^f  i  n,  wreiit  casrsb 

ililil  llif*  fooltiig  1 4 1  aifirii  out  tifitlri  latoiiiatdr  *  oti#|iii  %ii‘4,  ihr  f|rt  t|  f,f  p*.,|iiorfori|  4iili|*iiitlr 

will  lortit  eiy4ais  wliith  air  not  ir^dilv  4ffa*kr<t  by  Lidioilinno  *^4,  and  hair  4  ^  f|  .lallitie  fufiii 
iiiid  iilniii.iirp'titti|ioi4iiim  utraily  irsrfiibliisn  iilltiiiaiiilr  ill  1^^4114.  iln  %r  *i)4.ih 

itrr  rritlly  dllitiwiiitr  01  ihr?  air  4  if#fii|4r%  ahiiiiii.o^ln  0  iii  wtiiili  llie 

uliiiiiitiit  awl  %ilir*i  iii  stwtil’ii  |iio|i^iiiio«4i  friitmtit  to  hr  pioirif, 

It  lia*t  i#ffi  sii|f||r^|rit  lliftl  Ihr  «il  lira!  on  flat  is  o  i|rf-ii4|*  ,r  it  iii!*i  lirr  iti*ai  fire 

aliiiiniia  «ii*t  wafer,  but  sifiiti|^  «%  t%  tlie  r^plrnt  r  m  biv*  m  ^  i  a.n  flwo  rv,  tbai  *s|  pf  s^  *1  to  11  fiftprait 
111  lir  fr|iwlly  sn,  if  imi  fetfoiigpt, 

Ffiiw  llir  lofripniiip^fAtriiirnis,  tt  wdl  hr  iimirtsfood  ib.d  ihr  pi^o3y,,iir  «il  iiiliinil 

rky'i  fittiiifil  lip  aocfiaifirti  Inun  il,r  irsiilss  of  411  liliooam  .omIisss,  Siat  is  c.  |mo*4I  |r  to  siAtr  witii 
eiitirr  an  tirar^  the  mliirialiiipf  4I  of  401  i |‘fir  hr,!  ft, .a  <  4,^  |r  doiir  h  m 

srpiitalr  the  Coaisef  |ailicles  Lv  i*4shtff|.|  ihr  sariplo  4  Wiili  mh-'.Ur  pri  |itir*if  iiicli, 
and  trr.lfilt|J  ibp  inflbui  wllltli  |»44%srs  lh»oU|»h  ihr  s  rlr  tu  *  li<*<  ffr  .  rliitiMlOt  Willi  *t 

Stfisim  of  wain  flottinij  ai  the  i^tr  of  mfii,  pn  sro  ml  llio,  ^|||  ifmtrtr  .41  flic  day 

iwrlirlfs,  lii|;rilir-r  wiih  a  faiMblr  u  mI  ifm  lUfr,!  p,4i!^  |r'i  r*|  oihrf  iiosc'tah  “  liir 

Milntiwr'  itms  irrttovrd  imi'.f  ibm  hr  ifiah  vr4  in  ndn  |*»  4'or|i,«tA  io.  ■alfnoaSr 


^  If  dir  %ifti|ilr  r’laiiiiiiril  i**  4  4mlr  m  iiii|i#fair,i  it  will  I*  tiefctiAfy  lo  tiyftirgritl.e 
it  by  Irhiifig  If  ttilli  iviilri  lo  %v|>icti  »  liiflr  aitiinniiia  li#%  hem  3*J4ri|, 


CLAYS  AND  ALLIED  MATERIALS 


When  the  puresi  clays  are  examined  in  this  way  they  approximate  to  the  eouiptjsition  rt*()resent(Hi 
by  the  formula  H^Al^Si.jO^,  or  as  it  is  commonly  but  erroneously  written,  Al;();|2Si()...2Ho(). 
This  formula  has  a  simplicity  which  is  probably  misleading—so  far  as  can  be  ascertained  at  the 
present  time  it  would  be  more  correct  if  multiplied  by  six,  so  as  to  be  represeiitcd  l>y  HHjAlj.jSi|.,Oft|. 
If  Ascb’s  theory  as  to  the  constitution  of  aluminosilicates  is  correct,  and  the  evidence  in  its  favour 
is  ver^  extensive-clays  are  ring  compounds  analogous  to  those  of  the  aromatic  series  in  organic 
chemistry,  and  contain  the  aluminium  and  silicon  atoms  arranged  in  groups  or  rings,  each  containing 
five  or  six  atoms,  whilst  the  hydrogen  atoms,  and  some  of  the  oxygen  ones,  arc  in  the  form  of  side 
chains.  The  number  of  possible  compounds  corresponding  to  this  formula,  and  to  such  variations 
of  it  as  may  readily  be  conceived,  is  exceedingly  large,  and  as  each  different  type  may  l>e  further 
modified  by  the  replacement  of  some  of  the  OITgroups  by  OK-  or  OCa-groups,  etc.|  it  will 
readily  be  understood  that  the  number  of  theoretically  possible  clays  is  almost  beyond  the  limits  of 
enumeration.  The  chief  types  of  clay  formulm  are  the  following 


[In  each  case,  Si  =  6Si(Onh.  Si  =  5Si(OII),.  R^6R(OII);,, 
(a)  Si  •  K  •  SI, 

(0  Si  •  R  .  Si, 

A. 

/Si 

(0  r(  Si 


(/)  Si  •  K  *  R 

(/)  Si  •  k  *  R  *  Si, 

tf)  •  R  •  Si  •  R  »  Si, 

{A)  sT  ■  R  •  •  fe  •  Si, 

(/)  Si  •  R  •  Si  •  R  •  Si. 


The  foregoing  formula-  show  a  higher  proportion  of  water  than  is  found  in  some  clay«i  of  the 
same  alumina-silica  ratio  ;  this  is  due  to  the  replacement  of  some  of  the  hytlroxyl  groups  by  alkali 
or  alkaline  earth  hydrates,  as  already  explained,  and  [mrtly  tej  the  fact  that  clays  easily  hme  ioine 
of  their  hydroxyl  groups  and  form  anhydrides  in  which  the  reliUi«mship  of  the  aluminium  and 
silicon  atoms  is  not  affected,  the  elements  forming  the  water  set  free  being  liberated  from  the 
outside  of  the  rings.  Where  the  whole  of  the  hydroxyl  is  present  in  a  clay,  its  formula  shews  all 
the  valencies  to  be  satisfied.  Thus,  the  clay  c  (above)  would  be  represented  briefly  by 

(Si  •  R  *  R  •  ^i)  (HOijo),  or  if  shown  fully,  by 
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As  no  perfectly  pure  clays  are  found  in  nature,  these  formuki-  are  modified  by  the  indudon  ot 
bases  present  in  combination  with  the  clay  and  replacing  the  OH-grmips  marketl  with  an  asteriik 
by  OK  or  by  OCa.  The  proportion  of  basic  and  alkaline  oxitles  in  the  purer  clayi  k,  however,  so 
small  that  they  may  generally  be  neglected  in  classifying  these  days  aexording  to  their  corn 
position.^  In  lcs.s  pure  clays  there  is  so  great  a  difficulty  in  preparing  pure  mmpks  of  the  ahimino 
silicic  acid  present  that  any  attempt  at  the  allocation  of  a  fornnila  is  little  more  than  work, 
supported  by  a  large  amount  of  evidence  which  it  is  difficult  to  apply  with  accuracy. 

Thus,  the  ordinary  lirick  clays  of  commerce  produce  bricks  or  a  characteristic  red  crdoiir  whan 
burned,  and  it  is  usualljr  considered  that  this  red  colour  i.f  due  to  the  presence  of  free  ferric  oxide 
in  the  originaj  day.  \et  the  evidence  as  regards  the  chemical  constitution  of  the  raw  day  h  tlwf 
it  contains  ring  compounds  of  both  iron  and  alumina,  which  are  of  a  yellowish  or  grey  rolmii 
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according  to  their  composition,  and,  in  accordance  with  this  evidence,  the  red  colour  of  the  burned 
bricks  may  be  due  either  to  a  decomposition  of  the  complex  ferro-aluminosilicic  acid  (clay)  with  the 
formation  of  free  ferric  oxide  or  of  a  complex  anhydride  of  a  reddish  colour.  At  present  there 
is  not  sufficient  data  to  decide  which  of  these  two  compounds  is  present ;  indeed,  it  is  not  improbable 
that  in  some  burned  clays  they  may  both  exist  simultaneously. 

The  plasticity  of  clays  is  almost  as  complex  as  their  constitution,  and  though 
many  theories  have  been  published  concerning  the  cause  of  it,  none  of  them 
are  entirely  satisfactory. 

That  plasticity  is  an  inherent  property  of  the  clay  molecule  and  a  characteristic  of  alumino- 
silicic  acids,  seems  to  be  unquestionable,  though  the  production  of  some  amount  of  plasticity  (or 
what  is  regarded  as  such)  in  very  fine  powders  of  various  substances  seems  to  throw  some  doubt  on 
the  statement  just  made.  When  an  attempt  is  made  to  define  plasticity  in  such  terms  as  will 
render  its  measurement  possible,  it  is  soon  found  that  this  property  is  not  of  an  elementary  nature, 
but  that  it  unites  within  itself  such  properties  as  cohesion,  adhesion,  elasticity,  tensile  strength,  etc., 
and  that  any  basis  of  measurement  of  the  plasticity  of  a  clay  paste  must  include  all  these  properties, 
and  possibly  some  others.  For  this  reason,  any  attempt  to  measure  plasticity  in  terms  of  w’ater  or 
dyes  absorbed,  tensile  strength,  or  linear  extension  when  subjected  to  measured  tensions,  must 
prove  incomplete,  and  the  suggestion  of  Zschokke,  amplified  by  Rasenow,  to  express  plasticity  in 
terms  of  the  water  required,  multiplied  by  the  percentage  of  linear  extension,  and  the  product 
multiplied  by  the  tensile  strength,  is  by  no  means  as  reliable  as  is  desirable.  At  the  same  time  it 
forms  the  best  means  of  measuring  the  plasticity  hitherto  suggested.  The  suggestion  of  Ashley, 
that  the  plasticity  of  clay  may  be  expressed  in  terms  of  the  percentage  of  dye  adsorbed,  does  not 
place  a  series  of  clays  in  the  same  order  of  relative  plasticity  as  would  agree  with  the  experience 
of  practical  potters,  and  appears  to  be  unreliable. 

Apart  from  all  questions  of  measurement,  plasticity  may  be  defined  as  that 
inherent  force  which  permits  a  substance  to  be  altered  in  shape  with  the  application 
of  only  a  small  force,  the  new  shape  being  retained  when  the  force  no  longer  acts 
upon  the  material.  In  practice,  an  experienced  potter,  or  other  clayworker,  will 
ascertain  the  relative  plasticity  of  a' number  of  clays  by  ‘‘feeling”  them,  but  this 
method  does  not  appear  to  be  susceptible  of  accurate  measurement. 

The  various  theories  relating  to  plasticity,  together  with  much  other  information  on  this  very 
interesting  property  of  clays,  will  be  found  in  some  of  the  books  mentioned  in  the  list  on  p.  139. 

The  shrinkag^e  which  articles  made  of  clay  paste  undergo  when  allowed  to 
dry  is  another  characteristic  property  of  most  clays. 

When  a  highly  plastic  clay  is  moulded  and  allowed  to  dry,  the  shrinkage  is  often  so  great 
that  the  piece  is  unable  to  withstand  the  internal  strains  produced  and  cracks  into  a  number 
of  smaller  pieces.  In  very  pronounced  cases  it  may  fall  to  a  powdery  mass.  If  the  drying  be 
carried  out  rapidly  (especially  with  the  aid  of  heat)  the  strains  will  be  all  the  more  intense,  and  it 
will  be  impossible  to  keep  the  goods  whole.  If,  on  the  contrary,  the  drying  is  effected,  with 
extreme  slowness,  and  care  is  taken  to  avoid  irregular  drying  and  draughts,  it  will  not  be  difficult 
to  obtain  sound  goods.  The  slow  drying  and  the  accompanying  precautions  are,  however,  so 
tedious  as  to  make  such  “tender”  clays  of  little  commercial  value,  unless  they  can  be  treated  with 
some  non-plastic  material.  Thus,  the  addition  of  sand  before  making  the  clay  into  a  paste,  will 
reduce  its  tendency  to  shrink,  and  will  consequently  stop  the  cracking  and  disintegration.  There 
is  a  limit  to  the  proportion  of  sand  which  can  be  added  ;  this  limit  is  characteristic  of  each  individual 
clay,  and  must  therefore  be  ascertained  by  actual  trial.  There  are  large  areas  of  valuable  brick 
clays  in  the  South  of  England  which  are  quite  useless  commercially,  because  they  are  too  plastic, 
and  shrink  too  much.  If  sand  could  be  added  to  them  in  reasonable  proportions,  such  clays  would 
be  very  useful,  but  the  absence  of  sand  in  the  localities  in  which  these  clays  occur,  and  the  cost  of 
taking  it  to  them  being  prohibitive,  the  clays  must  remain  unused  until  some  other  method  of 
reducing  shrinkage  has  been  found.  Heating  the  clay  to  a  temperature  of  200®  C.  will  effect  a 
result  similar  to  that  of  adding  sand,  but  the  cost  of  this  treatment  is  prohibitive  for  ordinary  brick 
and  tile  clays. 

All  colloidal  substances  have  a  characteristic  shrinkage,  and  there  is  good 
reason  to  suppose  that  the  suggestion  of  Schloesing — revived  more  recently  by 
Rohland — that  clays  contain  considerable  proportions  of  colloidal  matter  is  correct 

At  the  same  time,  the  constitution  of  clays  is  such  that  it  is  impossible  to  be  certain  about  this, 
as  the  evidence  of  a  colloidal  structure  is  far  from  complete,  and  may  be  capable  of  quite  a  different 
interpretation. 

What  appears  to  take  place  in  the  drying  of  a  plastic  clay  is  that  the  particles 
,are  at  first  separated  by  a  film  of  water  \  as  this  evaporates,  the  particles  draw  closer 
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to  each  other  until  they  arc  in  intimate  euntact.  I'his  may  uivni  h.  i.ue  all  ! he 
water  has  been  evaporated,  for  there  are  still  some  pores  in  the  mass  even  wh.  n  the 
particles  are  as  close  together  as  they  can  he. 

If  clay  is  a  celloklal  material,  a  snmewliat  diffeieiit  evpliUi.ilion  may  he  y.i'en  :  .ill  .  ■  well 

when  exposed  to  water,  ami  ahsorl.  a  c.msiderul.le  <iuantity  ot  it  m  the  [....fev,  I  he  '•o't  •■' 
<lrv  clue  when  .soaked  in  water  is  typical.  On  acain  drymc  the  swolU-ii  colloiil.tl  loas-.,  ih.-  wain 

4;vaporalt\s,  andthe  siilid  particles  draw  nearer  u»gelhcr>  until  tiiudly  a  hatd  dif ‘Utl'daiiM  p 
duced.  Ascullokls  like  clays,  appear  to  be  ccnuplexes  of  very  Ingh  tmAcruhu  wr^hu  liir  irUlhm 
ship  between  the  two  is  interesting  in  many  ways. 


The  practical  difficulties  whit'h  arise  in  the  inanipulalitui  nf  ekiys  in  ei»nsei|iieiii  e 
of  the  shrinkage  are  numerous  and  complicated;  they  are  in  tlie  wmks 

named  on  p.  139.  .  ,  ,  is  i 

The  impurities  in  clays  are  chiefly  of  a  mineral  i1iara«1er  and  are  tlue  tu  ilte 

origin  of  the  clay. 

As  already  stated,  days  are  primarily  ftainetl  by  llie  dei'tnnpoMiam  td  lrl'.|ui  and  uiiirt  iiliitiiim* 
silicates  (thes’e  minerals  being  tne  salts,  ami  clays  tiny  rmirspuialmg  ot  drtivrd  ai  nhi,  .ititl  %hrti 
first  formed  are  associated  with  numeeuis  nUicr  min«'tals,  'rhr  rcamitlablr  sm.illursh  mI  ipr 
particles  of  clay  .soon  causes  them  to  be  lemoved  by  the  action  of  water,  and  4t*r  tin’  siiritin  a 

lake  or  has  Us  speed  of  (low  retluced  by  some  other  means,  thr  rl.iy  patlidrs  mr  dr|«»  aird  and  .t 
secondary  clay  IS  formed.  Some  clays  have  been  gathered  up  by  wain  and  depirund  aipun  ami 
iigain,  and  are  now  found  nmny  miles  from  the  phuT  cd  their  original  fottimiion. 

In  the  course  of  their  travels  clays  ntuy  become  ass<»dated  with  many  kiinbi  *4  imnnal  and 
vegetable  impurities,  the  most  important  which  are  itonen,  sand,  rock  llotif  ainbiit,  itnd  vrgruddr 
matter  derived  from  living  or  decompo.Hed  pliintH.^  The  courses  jmrllelrs  may  be  *ir|i#irairil  by 
washing  in  a  slow  stream  of  water  ns  already  tlesrrihed,  Inst  the  pattirirv  amt  iiiticlt  *4  Ifir 

matter  of  vegetable  origin  cannot  be  removetl  in  this  way,  b«l  iim^  rtilri  mliMitc  Miin|wiiiitiiM4 
sthe  material  of  which  the  bricks,  p<its  or  other  gtHwKare  mitde.  Thr  orgaiiie  (vrgrlaldrl  smillri  ii 
removed  when  the  goods  are  burned  iii  tlic*  kiln,  but  iH  preHemT  hi  the  rarlirt  id  fbr 

burning  often  has  a  marked  effect  tm  the  colour  of  the  good**,  m  if  rsm  a  -tiiofig  irdtti  mg  ip'fioii 
on  some  of  the  oxides  to  which  the  clays  owe  their  colour. ^  ^ 

A  process  invented  by  (»raf  vt)n  Schwerin  for  the  jnirifiralmn  of  rbtv**  nt  ilir  '^mbir*  imw 

.of  a  clay  slip  to  the  action  of  an  elcrlric  curreni.  Xbiny  of  ttirnr  im|nuiUr%  irmmit  brlnud  wiiil-4 
ihe  punned  clay  collect.s  in  a  sheet  at  the  cathode  and  h  remoyrti  by  a  Hcraprt.  Ttin  mriliod  ha-i 
been  “  pushed’' vigorously  recently,  but  has  not  piovrti  'lufisrirntly  altrio'iivf  m  iiiarlirr  fut  4ti| 
well-known  firms  to  atlopt  it.  Moreover,  its  limilaljoip  are  very  great  aiid  tnrrliidr  iN  ti’-r  m 
many  cases.  More  recently,  the  additirm  of  ammoniii  or  wuiie  tilhrr  rlnliofylr  fi4l«wrd  l»v  a 
process  of  centrifugal  grading  has  lieen  EucccMsfu!, 


I'o  describe  the  effects  of  all  the  iriipurities  in  days  would  necei^iiiiir  <t  'Hinilt 
volume,  and  as  they  have  been  dealt  with  in  some  of  the  votiiitici  tiieiilioiird  mi 
p.  T39,  there  is  no  need  to  do  more  than  indicate  the  incml  inics  vrry 

briefly  here. 

Impurities  containing  soda,  potash,  lime,  magnesiii  or  other  iiittiliir  tixidtti  or 
carbonates  combine  with  the  clay  at  tem|ieriitures  above  700*'  C.  iind  prtittiit'e 
aluminosilicates,  which  are  more  readily  fusible  than  the  day  it*idf.  I'lenrr,  if  11 
clay  containing  these  impurities  is  heated  sufficienlly,  11  tcrtnicraiiire  will  be  reiidird 
at  which  some  fusion  will  occur,  the  fused  mass  filling  up  iomr  of  ilic  pnroH  in  thr 
material.  As  the  mass  cools  it  will  be  found  to  he  miicdi  ilronger  tfutii  if  it  had  iii»i 
been  heated  so  intensely,  for  the  fused,  glassy  matter  wilt  liiivc?  Iiotind  the  nilirr 
particles  together  with  great  firmness.  If  the  heating  be  eoiiiiniic'd  at  a  htill  liigltt-r 
temperature,  a  point  will  be  reacdied  at  which  llie  mass  has  iimlfagoiie  mi  luitrli 
fusion  as  to  begin  to  lose  its  shape ;  tins  h  the  point  of  uiaxiimiiii  prat  in  atilr 
•strength,  or,  os  it  is  usually  termed,  tlie  point  of  compleir  viirifh'iiiiiiii,  Ii  m  tin* 
point  aimed  at,  but  purposely  never  reiuthed,  by  makers  of  engiiireritig  liritk»i, 
porcelain  and  other  impervious  ware.  If  the  healing  is  curried  beyond  ihi'^  faiiiti 
a  fusion  of  the  whole  mass  occturs  and  the  articies  are  irrctriefitbly  %|ioiletL  Any 
substance  whi(!h  facilitates  tliis  fusion  is  termed  a  flux,  and  Ifiii*  proficriy  tn 
possessed  by  most  metallic  oxides  and  carliomites  and  by  iiiiiny  ‘tiilpliaici  ami 
•chlorides,  a  large  number  of  the  impurities  in  day  are  fluxes. 


Limestone  is  an  impurity  which  h  very  common  in  btmlder  days,  atifl  ii% 
presence  is  very  inconvenient,  especially  in  the  manufaritirc  of  bricks.  thr 
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difficulties  caused  by  it  may,  however,  be  overcome  by  fine  grinding  and  burning 
at  a  proper  temperature.  Chalk,  on  the  contrary,  is  often  added  to  clay  to  reduce 
the  shrinkage  and  to  increase  the  binding  power. 

Sand  is  a  convenient  term  which  includes  all  small  mineral  particles,  no  matter 
what  their  composition.  Hence  the  action  of  sand  on  clay  is  complex.  Fortunately 
most  sands  are  composed  chiefly  of  silica,  and  may  largely  be  regarded  as  impure 
forms  of  this  oxide.  The  first  action  of  sand  on  clay  is  to  reduce  its  plasticity  and 
shrinkage,  and  its  presence  is  therefore  a  desideratum  in  many  cases. 

If  coarse,  sand  prevents  the  clay  from  being  used  for  work  requiring  a  very  fine  finish,  but  this 
coarse  sand  can  usually  be  removed  by  treating  the  clay  in  a  wash  mill.  In  the  kiln,  the  sand  may 
combine  with  some  of  the  fluxes  previously  mentioned,  and  as  simple  silicates  are  usually  more 
fusible  than  the  more  complex  ones,  the  presence  of  sand  may  bring  about  an  early  vitrification  of 
the  material,  and  give  it  an  undesirably  low  fusing  point.  At  the  same  time,  sand  is,  of  itself, 
a  refractory  material,  though  not  so  resistant  as  pure  clay,  and  the  addition  of  it  to  a  fusible  clay 
will  increase  the  heat  resistance  of  the  latter.  On  the  other  hand,  the  addition  of  sand  to  a  pure 
clay  will  lower  the  fusing  point  of  the  clay. 

The  metallic  oxides  and  silicates  contained  in  clays  in  the  form  of  sand  or 
rock  dust  behave  like  the  impurities  just  mentioned,  and  reduce  the  shrinkage  and 
the  resistance  of  the  material  to  heat.  At  the  same  time  they  may  determine  the 
colour  of  the  burned  material. 

Thus,  clays  containing  more  than  3  per  cent,  of  iron  oxide  or  its  equivalent  will  usually  burn  red, 
but  if  reducing  conditions  prevail  in  the  kiln,  a  dark  grey  (technically  regarded  as  blue  ”)  or  a 
black  mass  will  be  produced  from  such  clays.  The  action  of  each  of  the  metallic  oxides  and  silicates 
cannot  be  described  here.  Readers  desiring  it  will  find  further  information  in  the  books  mentioned 
on  p.  139. 


CLAYS  OF  COMMERCIAL  IMPORTANCE 

The  following  clays  are  of  considerable  technical  importance.  More  information 
concerning  them,  together  with  a  more  complete  list  of  valuable  clays,  is  given  in 
‘‘  British  Clays,  Shales,  and  Sands, by  A.  B.  Searle. 

Adobe  clay  is  a  silty  clay  which  is  used  in  some  countries,  notably  Spain  and 
South  America,  for  the  erection  of  walls  of  dried  mud.  It  is  seldom  used  in  Great 
Britain. 

Alluvial  clay  is  used  for  brickmaking  in  localities  where  no  more  suitable  clay 
is  obtainable ;  its  irregular  composition  prevents  it  from  being  of  great  value. 

Alum  shales  are  indurated  clays  from  which  alum  is  obtained.  The  sulphides 
in  the  clay  are  oxidised  by  exposure  to  the  air  or  roasting,  and  the  sulphates  pro¬ 
duced  are  washed  out,  the  solution  being  evaporated  until  the  crystallisation  stage 
is  reached. . 

Any  clay  or  shale  sufficiently  rich  in  pyrites  or  other  readily  oxidisable  sulphide  may  be  used  for 
the  production  of  alum.  (See  the  Alum  Industry,  p.  54.) 

Ball  clays^  are  relatively  pure  white-burning  clays  which  are  characterised  by 
their  great  plasticity.  The  term  is  used  to  include  clays  differing  greatly  in  quality 
and  composition,  many  ball  clays  burning  to  a  light  brown  colour  instead  of  white. 
British  ball  clays  are  characterised  by  the  relatively  low  temperature  at  which 
vitrification  (p.  143)  occurs,  though  the  mass  does  not  begin  to  lose  its  shape  until  a 
ternperature  beyond  the  usual  working  limits  of  the  kilns  used  by  potters  is  reached. 
This  property,  combined  with  the  high  degree  of  plasticity,  makes  ball  clays 
extremely  valuable  for  the  manufacture  of  earthenware  and  stoneware 

^  By  the  judicious  use  of  white-burning  non-plastic  ingredients  and  of  minute  quantities  of  cobalt 
oxide,  the  potter  is  able  to  neutralise  the  colour  of  the  burned  ball  clay  and  to  produce  a  ware 
of  sufficient  whiteness.  For  stoneware,  the  vitrification  which  occurs  on  heating  ball  clays  produces 
a  mass  of  g^eat  strength  and  imperviousness  to  liquids  ;  the  colour  of  the  product  is  regarded  as  of 
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minor  importance.  The  most  valuable  deposits  of  ball  clay  in  the  British  Isles  are  in  Dorset  and 
Devonshire. 

Boulder  clay  is  a  term  used  by  geologists  to  distinguish  the  clays  deposited  by 
glacial  action.  Broadly  speaking,  the  boulder  clay  extends  over  the  whole  of 
northern  England  and  over  much  of  the  Midlands  and  Ireland,  but  much  of  it  is 
quite  useless  owing  to  the  stones  and  sand  deposited  with  it.  The  cleaner  portions 
of  the  boulder  clay  are  used  for  the  manufacture  of  bricks  and  roofing  tiles,  and  in 
a  few  isolated  cases  coarse  glazed  pottery  is  made  from  it. 

The  stones  and  gravel  which  are  a  characteristic  feature  of  this  clay  may  be 
removed  by  screening  or  washing,  or  they  may  be  crushed  to  powder ;  the  former 
method  is  the  more  effective  but  the  latter  is  cheaper  and  for  common  bricks  gives 
a  useful  product,  provided  that  limestone  is  not  present  in  large  proportion. 

The  limestone  becomes  converted  into  lime  in  the  kiln,  and  when  the  bricks  are  exposed  to  the 
air,  the  lime  hydrates  and  expands,  cracking  the  bricks  or  breaking  them  to  pieces.  The  only 
remedy  consists  in  either  removing  the  limestone,  as  indicated,  or  in  grinding  it  so  fine  and  heating 
the  bricks  to  such  a  temperature  that  the  lime  enters  into  combination  with  the  clay,  forming  a  glassy 
compound  which  does  not  expand  appreciably  on  exposure. 

Brick  clays  and  brick  earths  are  those  specially  suitable  for  the  manufacture 
of  bricks,  though  the  latter  term  is  usually  confined  to  superficial  clays  which  are 
suitable  for  hand-made  bricks  and  is  specially  used  in  connection  with  certain  clays 
in  the  London  Basin. 

For  brickmaking,  a  clay  or  earth  must  contain  sufficient  sand  to  reduce  the  shrinkage  in  drying 
and  burning  to  within  reasonable  limits  (usually  about  I  in.  per  linear  foot),  as  otherwise  the  clay 
will  crack  or  twist  unduly.  To  mix  sand  with  a  highly  plastic  clay  necessitates  the  use  of  powerful 
machinery  or  the  expenditure  of  much  time  and  labour,  so  that  those  clays  pre-eminently  suited  for 
brickmaking  are  the  ones  which  naturally  contain  sufficient  sand,  and  would  be  more  correctly 
termed  loams  than  clays. 

The  chief  characteristics  required  in  a  brick  earth  are  moderate  shrinkage,  great  strength  when 
burned,  and  good  colour  when  taken  out  of  the  kiln.  If  these  requirements  are  satisfied,  the  com¬ 
position  and  other  properties  may  be  regarded  as  of  secondary  importance. 

Cement  clays  are  those  specially  suitable  for  the  manufacture  of  Portland 
cement  and  similar  substances  (see  p.  87).  They  must  be  very  siliceous,  but  free 
from  more  than  a  very  small  percentage  of  magnesia.  High  class  shales  are 
generally  used  for  the  purpose,  as  plasticity  is  of  no  importance,  and  is,  in  fact, 
an  objectionable  property. 

The  cement  works  on  the  Thames  and  IVfIdway  use  alluvial  mud  which  is  mixed  with  chalk, 
but  in  Cambridgeshire  a  naturally  occurring  mixture  of  clay  and  chalk  (Marl)  is  preferred. 

China  clay  is  a  white  burning  clay  of  low  plasticity  which  is  usually  found 
close  to  the  place  of  its  original  formation  by  the  decomposition  of  igneous  rocks. 
The  only  deposits  of  importance  in  Great  Britain  are  in  Cornwall,  though  small 
quantities  are  found  in  other  localities.  The  term  kaolin^  refers  to  any  clays 
having  the  general  characteristics  of  china  clay,  quite  independently  of  their  origin, 
so  that  unless  care  is  taken,  confusion  may  easily  arise.  When  separated  from  the 
coarser  rock  particles,  by  washing,  china  clay  and  the  purer  kaolins  contain  about 
90  per  cent,  of  true  clay  and,  so  far  as  composition  is  concerned,  a  carefully  selected 
and  refined  china  clay  approaches  more  nearly  to  a  pure  clay  than  ^  any  other  clay 
known.  Such  a  clay  is  exceedingly  resistant  to  heat  (corresponding  to  Seger  cone 
34  which  has  a  softening  point  of  1,7 50'*  C.)  but  its  low  plasticity  prevents  it  being 
used  for  many  purposes  for  which  the  somewhat  less  pure,  but  highly  plastic,  ball 
clays  are  eminently  useful. 

China  clays  and  kaolins  are  used  in  the  manufacture  of  porcelain  (p.  183)  and  owe  their  name 
to  the  fact  that  they  are  the  chief  clay  used  in  the  manufacture  of  china  ware  (p.  185).  Still  larger 
quantities  are  used  in  the  manufacture  of  paper,  and  the  very  finest  qualities  are  used  for  the  manu¬ 
facture  of  ultramarine.  In  the  manufacture  of  earthenware,  china  clay  gives  an  added  whiteness  to 
the  body,  whilst  being  more  plastic  than  flint — the  other  agent  used  for  the  same  purpose. 
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a/£j//smv 

.  :'r4.  n-^ixt'd  with  burned  fire-clay  or  grog 

,  ^  .  r  . .  I  ,f  x^iumfsago  or  blacklead  to  increase  their 

.  '  j  rj.ture»  and  to  secure  more  complete  reducing 

,  ,  .  ,  ^4-  reducing  ores.  The  quality  of  a  crucible 

,  *  ^  ,  .r  •  '  :i  ployed  having  the  requisite  characteristics, 

'  -  large  size  can  be  made  from  a  single  clay. 

. 1  ..  yrl;;in,  Inl  of  slightly  different  propertiesj  the  low 

vf  caasing  it  to  be  used  in  some  instances  even  when 

.  V  !„  jnj;g  a  OigLlH"  more  expensive  clay.  The  mixtures  used 

*'-4r  »  f.  ,  ’  #  iTicj*  ;<  ■>  are  to  2e  employed,  and  the  temperatures  to  which 

■  .  3  .  •if''- le  special  recipes  here,  as  each  crucible  manu- 

‘j  '  t  -4  5  f  his  various  customers. 

Firt  clays  -^^*2  i  ...h.*  wh.cn  h^vt^  a  notable  resistance  to  the  action  of  heat.  It 
"s  I'*  h«de  flays  under  this  term  unless  they  are  at  least  as 

"  a.>€^?r  "’c  26^1.5^0  Cl. 

,f  i..  V  ^  tf^y  /I  !fct  OAl’f’clih  and  in  close  association  with  coal,  the  niost^ famous 
*  ^  ^  ^  i  » iru-f  i  Lmis^  and  in  Yorkshire  generally,  and  the  fire-clays  in  West 

jt  a  i  ^  .i  regarded  as  typical.  For  export  purposes^ the  fire-clays 

m.  \  4'  s>mfi  ac,  ar.4  liaifeaiB  coal-ficicis  are  f*rticukfly  well  known.  Other  deposits  of  fire-clay 
'I'  ^  *r. .  -'avr  a  lix'al  reputation,  especially  in  Derbyshire  and  Wales. 

from  rrsistancc  to  heat,  the  most  important  characteristic  of  fire-clays 
IS  ^ ‘  ^  ^  i  ods  devoid  of  shrinkage  with  sufficient  resistance  to  abrasion 

o  '  X  .1 /accurate  shape. 

Fuller  S  €«th  is  a  term  applied  to  any  earthy  matter  which  will  act  as  a  grease 
,  i.t  ’’"u.v  ^lLct's  earth  is  not  unlike  a  china  clay,  though  it  differs  from 

tfve  larte?  in  several  respets,  notably  in  composition,  being  more  allied  to  a  marl. 

^  A*'*’  iw  t  that  fallefs  eulh  is  related  to  the  clays,  but  does  not  correspond 

^  ^  **€'1  Ttt  mmt  Important  depcsits  occur  in  Surrey,  Kent,  and  Bedfordshire. 

lufc  €|iiaslillcs  of  cMna  clay  are  sold  as  fuller’s  earth,  especially  for  toilet 

h’ 


immi  wiili  iiMJ 


Grog 

r  laiter 


Gaaisicr  is  a  reeky  mineral  with  a  composition  corresponding  to  a  pure  silica 
ut  one-tenth  of  its  weight  of  clay.  It  is  used  in  the  manufacture  of 

•bricks  Ip.  223)  and  for  lining  furnaces. 

a  d  tlay  which  is  added  to  raw  clay  to  reduce  the  shrinkage  of 
^  refractory  wares  it  also^  serves  as  a  skeleton  which  preserves  the 

^  *  'ho  articles  in  the  kiln.  Its  properties  vary  with  the  clay  from 

whi€'h  it  fas  l^en  made  by  simple  calcination. 

IS  sot  a  clay  in  the  usual  sense  of  the  term,  but  a  crystalline  mineral 

431'  tit€:  naie  compositien  as  the  purest  clays  (kaolins)  yet  isolated,  viz.,  H^Al^SigOg. 

fended  as  the  ^senlrni  constituent  of  all  clays,  but  this  is  im- 
l  '  i  ,dM  iL*  A-rttf.j  pves,  ckys  appear  to  form  an  important  branch  of  the  alumino- 

•x'rb 

ihm 
% 

-  ?  - - t,"  --  *-  J^J.a.OLAl^. 

..  iS  s"Si2  Sm""  *  “f  <■“ 

^  articles.  They  play  an  _  important  part  in 

r,;.  ‘ t  inark  or  malms,  prepared  by 

t*-  t  X.  f  «  la  Stafrrdl^  applied  to  friable 

ax#  *  <'  retf  xg  Qcminng  m  tht  Upper  Coal  Measm^  famous 
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Pipeclay  is  primarily  any  clay  suitable  for  the  maiiuf«uiiift‘  f»f  flay 
pipes,  but  it  is  now  applied  to  all  whitish  clays. 

It  occurs  in  small  tjuantities  in  many  localilicH,  hut  the  chief  tlcia #ur  hi  Itru'ii.lmr  in4 

North  Derhyshire. 

Puddling  clay  is  any  plastic'  clay  whit'h  will  form  a  walcrprtH*!  bat  king  ^r 
lining  to  a  re.servoir  or  similar  striu'turc'. 


It  is  important  that  puddling  clay.s  .sliall  thy  withrnit  rrarkinip  atiil  if  xrtx  llirv  tiiM-4 

usually  be  mixed  with  sufiloient  sand  to  prevent  this  tiefert. 

Red-burning  clays  are  those  which  arc  red  in  t'oloiir  aftt^r  being  liniti'd  in 
Soo®  C.  or  above.  They  arc  chiefly  used  in  the  nianufacaiire  cd*  lilr^  aiitl 

terra-cotta.  The  colour  is  due  to  iron  ('oinpcaitKls*  the  prerist*  natun*  of  wliit  li 
not  been  satisfactorily  (‘xplained.  I'he  c'omposition  vaties  within  wide  atid 

even  the  percentage  of  iron  present  appears  to  bt'ur  tto  simple  ratio  to  tfir 
of  the  colour  produced. 

The  best  red-burning  clays  are  the  Midland  marls^  the  Wridi  liays  lypitiril  hv  lOialnui,  4Std  llir 
Lancashire  clays  typilied  by  Accrington,  hut  such  excellent  uni  Inioiiiig  « an  t-r  m  i.iliei 

parts  of  the  country  that  it  is  proha(»Iy  inure  correct  to  ni)  that  the  tnrntiMiirsI  *mr  ilirtt 

rei)utation  rather  to  the  si/.c  of  the  works  and  the  skill  of  the  men  engagni  in  than  lo  ativ  xtif 

exceptional  (juality  in  the  clays  ihemscIvcH. 


In  the  production  of  terra  t'oUa,  bricks  and  tiles  from  red  Iniiiiiiig  iLiys,  ilir 
chief  rccfuisites  are  uniformity  of  <*ohmr,  quality  of  colour,  sireiigih  «ir  lest'Uatar 
to  crushing,  and  accuracy  of  shape.  Slowness  of  heating*  roiiiluiirii  miili 
an  ample  supply  of  air,  is  the  chief  means  tif  obtaining  a  good  Veil  mlttnr ,  tf  ilir 
temperature  rises  too  rapidly,  and  there  is  a  lack  of  air,  the  iriat  ronijioiiiab  ifi  ilir 
clay  become  reduced  to  the  ferrous  state  and  then  rapidly  cotiibitif’  wifli  itir  ilai, 
forming  vitrified  and  siagTke  c'omfKninds  of  a  dark  blue,  grey  or  blark  aiijtraraiief 
Usually  these  darker  tones  are  more  abundant  near  the  ri-'iiOe  of  ihi*  tuk  k*'i,  ainl 
are  then  known  as  hearts  or  cores  ;  if  very  exu*n%ivi%  ilie  pfutlttiinl  tii  iii!i 
nection  with  these  cores  will  t'ause  the  briek.s  to  swell,  and  will  gtvr  iliriii  a  jeiftially 
molten  appearance,  rendering  them  almost  useless  for  siriietiirai  work.  If  llie 
heating  is  effectecl  very  slowly,  and  suffieient  iiir  eriler?i  the  |iorr?i  of  ibr  bfii  k?*  m 
other  articles,  the  iron  compounds  will  remain  oiidtml,  even  when  miy 
matter  in  the  clay  is  being  burnt  out,  and  the  brieki  will  rriuiii  llieir  true  iliafifA 
and  will  have  the  desired  colour.  An  slow  heiiting  it  rmteiiMitr,  itir  icmtriiry  iif 
all  brickmakers  is  to  hurry  the  heating,  hut  in  proporiiori  iii  they  liii  %i  witti  rtnir 
textured  clays,  so  do  they  increase  the  risk  of  dark  cciloiirecl  iititl  iwnllni  gontl^,. 
If  the  plasticity  of  the  day  is  sufficiently  great  for  mmtl  to  be  liiixcd  wiifi  it,  tim 
will  open  the  pores  and  so  shorten  the  time  required  for  itie  titmi  ant!  iilr  in 
penetrate  the  bricks.  The  proportion  of  nund  which  can  bit  iiddcd  k»  Imwever, 
limited,  as  it  depends  on  the  binding  power  of  the  day.  An  tmmnn  uf  mud  will 
make  the  bricks  so  soft  that  they  am  be  rubbed  to  |iitcc«  by  rubbitig  itiriii 
one  another.  For  the  erection  of  spec'ially  shaped  mvhm,  %uvh  *4itfl  bftik*»  arc 
made  on  purpose,  and  are  termed  rubbers. 


Many  attempts  have  been  mmlr  tci  impruvr  die  enknir  nl'  tml  biiiiiiiig  t  l*v%  h%  ilir  .lUUifiMf,  .4 
red  oxide  of  iron  .such  attempts  usually  end  in  failurr,  thr  rnltHnini*  mini  f.r  in  ,| 

finer  state  of  division  than  eommercml  iron  <midr.  am!  it  nni*il  hr  ilrtifihufril  ilifMii|dp4ii  ilir 
in  a  far  more  uniform  manner  dmn  k  fwiisiblr  with  mi  onlimtfy  mm^t,  Tin-  mI  ftrlmmml 

elays  is  more  satisfactory,  hut  is  tofi  cr»stly,  and  the  only  iiipani  of  makiiig  4  i|#i  liii., 

a  good^red  hnek  Ik  to  apply  a  dip  or  fream,  ffim|Kisrt!  of  goiid  rlay  ^lid  wiurr,  i*»  ilit?  hri*  I* 

before  It  enterK  the  kiln.  If  the  composition  of  the  dip  is  riirrcclly  itd|ii%irih  hurU  »i||  ikm 
have  a  good  red  exterior ;  msuie  thew  will,  of  rourie,  to  as  iiriplrit«4i*i  tofofr,  tmi  ilii%  miU  iioi 
matter  so  long  as  the  bricks  are  not  chippetl  or  broken. 


Refractory  clays  have  been  deicribed  iindcr  Fire  clays  Cp. 

^  Sagger  clays  are  fire-clays  sMcially  fiuititlilc  fur  iiiakiiiM  citw, 

an  which  pottery  is  placed  when  in  the  kiln  nr  civtm. 

The  requirement^  f  a  sagger  city  are  similiir  to  iIimw  of  a  ctiiubh'.  bui  nn  i|ir 
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usually  much  larger  ami  shallower,  it  is  even  imue  iiiiiN.iI.ml  th.it  ihm  .I..Hil.i  ti..l  hue  th.-ii  s!ui[k. 

when  heated.  The  best  saggers  are  made  of  a  nuxture  ul  tnf  ii.i\  aipi  e.i**!: 

Shales  are  indurated  clays  winch  have  IonI  their  mu^inal  le\liift%  aiul  have 
become  hardened  into  a  stony  mass,  the  idiirf  c!iarai1tai%ib  i4  wlitch  i%  the  euiiaus 

laminations  of  which  it  is  composed. 

Many  .shales  are  so  silieetut.s  as  to  l»e  ainsosl  dr^Mid  t.i  rliy»  bin  *i  rl.i\  h.ili-i  .u  .1  ttliuleate 

excellent  hrickmaldng  materials.  They  uH|«iie  tu  he  Kiotiml  ih  hrr.ie  n  .e  *  i|u,  |.|,namg 

reduces  them  to  something  like  their  oiiguml  lotiiliiimi.  thai  mlirit  flir  rjuena  .Im  r  1,  mixvil 
with  water  it  heeomes  plastic.  Some  shales  au*  alimiM  .is  rrli.irfof  ^  a.  htr  .  1  n  I.iit  ihr  aiaforify 

of  British  clay  shales  produce  ordinary  retl  or  tnifl  hra  k  h 

Oil  shales  contain  a  sufficient  pro|KUtion  of  hiliiiiiifb»iis  lit  iicimii  cii| 

to  be  distilled  from  them  in  commerctally  profitabir  f|it*iitiitir\  itrc'  Martin's 
“'industrial  Chemistry:  Organic”).  Some  of  ihc  ritliei  pnidtii"f*  no  km 

than  40  galls,  of  crude  oil  per  ton  of  shale. 

Alum  shales  have  already  been  described  (p.  144I. 


Slates  are  hard  clayey  rock.s,  often  very  daik  111  on  attouni  of  the 

carbonaceous  matter  present,  and  may  be  rcganlrd  as  slialen  %liii  li  have  been  %i\\h 

jected  to  some  amount  of  heating. 

They  are  extensively  used  as  a  rotifing  mateiial*  and  Ihr  frtiiir>  ilir  ikir  K 

occasionally  ground  and  used  for  the  mannfhtime  i»|  httek;*.  .md  lark  i#l  iikntictly 

are,  however,  against  iin  use  ft>r  thi^  purpose  in  nm\l  di.»l  ti  imiy  hr  trgsiidril  of 

little  value. 

The  chief  British  slates  occur  in  the  Lake  I  hum,  und  i«  pdiH  t*t  Went 

Scotland  and  Ireland. 


Soils  are  essentially  mixtures  of  clay  and  ^and»  bin  ivtlramni^  %iili  m  marls 
(p.  146)  are  also  of  importance  in  agriculture. 

The  composition  of  soils  varies  very  greatly,  amt  in  ^idir  of  tlir  vd-ti  aiiimitii  ^4  ir’ieAirli  rarfiril 
out  on  the  subject,  there  is  still  hut  Uule  known  m  Oi  wlui  icaIU  loiiiiiinfr  ti$r  «lt%tfAh|r 
of  soils  for  many  crops.  The  pr<«iurtivenesi  of  a  %«il  i4|ij*rrtr‘i  f'-t  it's  m  ttieiin^ 

of  introducing  air  and  water  to  the  roots  of  ilir  pkiif,  aful  on  llir  |ifn|»fii^iii  *4  mtiitliir  %4lii  r«n> 
tained  in  it  in  a  form  in  which  they  art*  iisefiil  lo  iltr  erii|t^.  ilirw  %i4iil4#’  me  trttmvmi  tht 
soil  becomes  impoverished,  and  its  hHHl-contcnl  miiM  l»f  setirwril  hy  ilie  itliliuoit  «f  Irfiiliwts  tnil 
manures.  The  decay  <»f  vegetable  ami  animal  mailer  iii  itic  liidnm  ulinli  iittifi  lie 

neutralised  by  the  addition  of  lime,  but  the  subjrct  of  liiiir  I'efiilmm'i  i%  i»*o  i'*ito|i|p%  «»»  lie  dealt 
with  here.  Mo.st  virgin  .soils  are  too  heavy  to  lie  wiilitttii  wtiiie  |»rr|«4fiiiiofi*  ifnI 
fore  be  broken  up  nuvhankidly.  Many  with  Ir  inide  itioir  liy  tlie  of 

non-plastic  matter  such  as  chalk,  samI  <u  lightly  liufiicil  cliiy.  ftitfliei  «  on  miL, 

the  reader  .should  CfuiHult  some  of  tin*  many  exccllpiii  tcMt  Iwnli’*  «»ii  ilir  t  *4  4|pi»:nliiifr, 

Surface  clays  are  those  which  occur  on  the  %itrfice  tit  ilie  grtmiwl  or  iiti 

mediately  below  the  soil 

They  vary  enormously  in  chararier  amirtling  to  iltrii  Jiid  in  #  !-•  4  an  I  in 

some  localities  are  weak  and  mndy,  wliihi  in  nilirii  itir^  m*  .itol  liigitly  |4a'*iw. 

The  latter  are  useless  for  nmnufacturing  piir|»tiW4  tiiilra  *t  oiiCiLfs*  #ri4  #  tititiiifr 

of  sand  and  clay  can  lie  made  at  a  sufticieiiily  low 

Tender  clays  are  usually  highly  plastic,  mid  rtir«rtiijeiiily  iliry  rafiiifii  be 
used^for  the  manufacture  of  bricks  or  pottery  wiiliiiiii  ititt  afltJiiitin  id  101111*  mn 

plastic  material 

They  are  termed  *Hender''  liecayse  wlirn  tinliiwiiy  *4  w,4f,wf4riiiif*  «fr  n.rd,  llir-tp 

clays  crack  or  twist,  or  otherwtee  raunc  triiiibk  on  .iri'iiiir.i  ni  fhr$$  miiluliwtil 

the  ordinary  treatment.  Tlim  tendemm  iiiiiy  I#  u¥t*$rmitr  1,1  ifir  4  41  »ii  a  tiiiialtir 

material,  but  the  effect  of  thk  addition  K  iiHtisllr,  to  rliitiigr  ikr  ptfipmir-,  4  «li¥  h*  anii  nn 
extent  as  to  make  it  urwuittihk  for  the  purfMinrH  fur  winrit  it  tr.r  i*  11im% 

tender  clays  burn  to  a  delightful  cohiii,  Inii  ibr  .itkiiinin  ul  nMrtI  iliriti  infM 

“  ordinary ’’ bricks,  and  the  s|>ecklly  altniriivc  mliitir  L  kp4  IVhmr  rnrh  ^i.e.uUlumetrmUr^ 
are  to  be  retained,  the  services  of  an  expert  in  day  woiktitg  ttnui  hr  h*t  tlir 

advances  in  this  direction  are  Wyrmd  the  |Kiweri  tif  itw  ittrrg^r  burk  iiiAkrt,  mmAime  mmtmiMmm 
or  kiln  builder.  With  the  right  treatmeni,  it  is  iiow  |w«li|r  oi  frf.iift  .til  flte  oiwlilirt 

of  tender  clays  and  to  overcome  their  tcndcrnew. 
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CLAYS  AND  ALLIED  MATERIALS 

Vitrifiable  clays  are  those  which  are  impervious  to  water  aftei  they  have  hrett 
burned  in  a  kiln  or  oven.  This  imi>crviousness  is  vahiabk-  m  ilseU  as 
articles  of  such  clays  to  be  used  for  containing  liquids  of  various  kinds,  without  th«- 
necessity  of  using  glazed  ware,  but  the  vitrifiable  clays  are  chiefly  valued  on  at  roimi 
of  the  strength  of  the  ware  made  from  them.  If  a  pure  clay  is  heated  it  remams 
porous  until  a  temperature  beyond  the  reach  of  commercial  kilns  is  reai’heil,  when 
it  gradually  melts  and  loses  its  shape.  With  a  vitrifiable  clay,  on  the  contrary,  there 
is  a  sufficient  proportion  of  fluxing  material  present  for  some  of  the  ccmstituenls  of 
the  clay  to  commence  to  fuse  at  a  dull  red  heat,  .^s  the  teinjicrature  rises  more 

and  more  fused  matter  is  produced,  and  this  gradually  tills  the  the  clayey 

mass.  Finally,  a  stage  is  reached  when  all  the  pores  are  filled,  and  if  the  hratiiiK 
is  continued  still  further  the  mass  will  lose  its  .shape.  In  sonic  cases  the  corrosive 
action  of  the  fused  constituents  is  so  great  that  the  mass  loses  its  shape  even  before 
all  the  pores  are  filled ;  such  clays  are  less  valuable  for  commen-ial  purposes. 

The  best  vitrifiable  clays  (so  far  as  Hriti.sh  eluys  are  eonecnir*!)  arc  the  hall  ( l,o  s 
occurring  in  Dorset  and  Devonshire,  hut  artificial  mixtures  aie  Ireqm-nlly  made 
by  the  judicious  use  of  fire-clay  and  felspar  or  some  other  suitable  fluK.  I.ime 
compounds  are  undesirable  for  this  purpose,  as  they  arc  too  violent  in  re.n  tion, 
and  bring  about  a  premature  loss  of  shape.  Magnesia  eompounds,  on  the  conliaiy, 
give  a  long  range  of  vitrification,  and  produce  iinpermealile  wares  at  a  lempctatme 
considerably  below  that  at  which  loss  of  shape  occurs. 

The  vitrified  mass  produced  when  vitrifmhle  clays  arc  Imrned  at  *%  ^aiildhlp  iriii|#rf4itifr 
essentially  of  a  skeleton  of  refractory  clay,  the  imrlicles  of  which  arc  iMiistitl  liigritiri  hy 
magma  formed  of  the  fused  constituentH,  linck**  and  olhei  iiwlr  nf  rkf  mmi  ti%iidlly 

contain  some  vitrified  matter,  as  without  it  tliey  would  he  ut  weak  an  lo  !r  tiHclr-A,  lint  llir  irtfti 

“vitrified”  is  usually  restricted  to  those  artide*4  which  tlo  not  iili^oih  fiiotr  tfotfi  i  pri  rriii* 
water  on  immersion  for  twenty*four  hourv  'fhe  ruorimnw  rr»ir44in«'r  t»»  i  Hoiliing  wIipIi  t'* 
characteristic  of  hlue  bricks  is  due  to  the  largr  propiiriitin  ot^  vtiiilird  wAiitwl  w  llir* 

material  being  increased  by  the  rctlucing  eoriditiouH  under  whirii  niirh  hink**  air  Irtiiiird.  A'ii 
previously  explained,  the  ferric  compounds  in  a  hrii’k  hriiirtl  undn  o^idcunn  « only  I 
as  colouring  agents,  Imt  in  a  reducing  atmonphrir  the  tciroiN  ritin|w»iinds  foiin  a  nui't 

with  a  long  range  of  vitrification,  and  yield  a  material  which  h  ltdiy  m  vditiiihir  ii%  h*i 

this  purpose. 

Yellow  or  Buff-Burning  Clays  art!  twuiilly  firt*  rlnyi,  Inii  ^iiwir  viir ifi^ibki 
clays  in  the  Midlands  produce  yellow  bricki,  liiid  some  ttikiiires  tif  ml  liiirtiirig 
clay  and  chalk  used  for  bricks  in  various  parts  of  the  Hciiiiti  of  Kiigliiiiil  proiliirc 
bricks  which  are  of  a  pale  primrose  tint. 

Ordinarily  a  clay  which  has  more  than  j  per  ceiiL  of  iron  ffx.fiieiird  ii  fetrii*  mkki  wifi 
produce  red  or  terra-cotta  ware  when  Immed,  but  if  a  tuficieiil  priijniilitiii  of  iMiriiiiti  r-nfliotiftir 
IS  present  ewr  is  added  in  the  form  of  chalk,  thw  will  cotiiliine  with  itit?  irnn  and  rky  tiiil  will 
a  white  brick,  a  yellow  tinge  being  prmlucecl  if  the  lime  hw  not  coitiliiiied  with  nil  Irii  mm, 
with  less  than  3.per  cent,  of  iron  as  ferric  oxide  will,  if  mdTidffit  trtit  liay  W  prcitfit*  Irtitti  !♦»  k* 
buff  or  primrose  colour,  but  if  much  fluxing  material  k  prttent  a  dark^’nlniiri^d  brick  vmf  br 
produced. 


analysis;  OF  ('I.AYS 

From  what  lias  l>een  staled  on  previous  pages,  it  will  br  uiidrritood  liwi  ilir  iitibli^linl  2r!| 
of  clays  are  of  minor  value,  inasmuch  as  mom  of  them  arc  very  itiromiilne,  ‘f'n  Miitti  m%  ^rfiiAl 
determination  of  the  “alkalis”  (potash  and  soda  aimpmmdt|  atid  in  fill  in  ilir  bUitk  lliioi  rmuird 
by  deducting  the  sum  of  the  other  constituents  determined,  k  alimiit  mifwrdoimliir,  lnf  a  flilltteiirt* 
of  only  J  per  cent,  in  the  amount  of  alkalis  preient  will  make  tdl  the  ilitlrrefiri*  i  %d«rlit<ii 

is  to  be  made  between  two  clays  of  similar  com|m%iliofj,  or  wliw  a  eky  of  fscrfiliiifMily  lilgli 
resistance  to  heat  is  needed.  In  most  published  aimly«*s  all  itiai  k  fcliowti  ii  ilir  trialkr  ptM 
portions  of  alumina  and  silica  with  those  of  inch  oxitli:‘?4  an  iron,  limi*,  mul  For  mm 

refractory  clays  this  information  tells  little  or  ncuhing  of  vidiir ;  fur  refrartwry  dmk  it  ta 
useless  unless  an  accurate  statement  of  the  percentage  of  imUiwIi  mid  it  pw-mtl.  Thrtr 
is  little  information  to  be  derived  from  an  analysts  which  niiifioi  Ir  kiiowti  well  by 

determining  the  fusing  point  of  the  clay  (relative  to  Seger  cones),  awl  from  ihr  a|i|ir4r*itirr  t.i  ibr 
raw  and  fired  samples,  and  analysis  k  only  of  value  In  ciim|Mfiii||  cbiy^  wlirre  ihr  rMtfi|.Mi-4tiirri 
must  be  known  with  considerable  accuracy  in  ortkr  to  niakf  lire  fiecrr%*iiry  ad|tt^fiii*-fii  .*1  ilip 
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mixtures  used  in  porcelain  or  earthenware  ^  i*or  m«*‘4  latriMnn  hn  whh  li  .uudyHcs  of 

are  made,  however,  it  would  be  better  First  tc^  examine  the  eLu  lii  file  inafiiirt  indiealrti  at«>ve  and 
to  leave  the  analysis  to  a  later  stage  in  the  invesltgaboit.  ^  Bv  ilits  niraii**  tiiaiiy  utmtiiable  idays 
can  be  sorted  out  at  a  small  cost,  whereas  an  analyMs,  if  ii  i’i  t**  be  »st  .iiiy  K  a  IrdimiH  and 

costly  piece  of  work.  Some  of  the  precautions  re«|iiiietl  air  m  f.  \\.  !\!rlht!  '*  idi.miilative 

Inorganic  Analysis”  (London,  1913). 

In  various  text-books  a  method  is  described  which  pinp*»il'»  h*  turn  rLty  iiuy  Ih'-  separated 

from  the  other  constituents  of  a  mixture.  I’liis  con^i'tH  in  liealitig  the  (la^  with  hot  «i!n!iufic  acid, 
which  is  supposed  to  dissolve  the  clay  and  to  Jravi*  lrls|ui,  inira,  and  oflifi  ai-rttrialfnl  minerals 

(.sand)  unattacked.  Seger  devolcti  much  attention  to  tlici  aiiif  witli  a  hfriiird  of 

kaolin.s  it  yielded  useful  but  erroneous  resullH.  The  irasiin  h»f  thi*  htOi  alir-aily  brrn  r%|thiinrd  oir 
p.  140.  There  is,  at  the  present  time,  nodetinifr  nieaU'-t  of  aHtrsiititttii|*  an  liialrly  tlir  |»ft«|M*ilron  of 
‘^true  clay”  in  a  .sample,  and  the  best  that  can  hf  «hiiir  i-i  to  rliiiiiiiair  iiilirr  roarsn  |iiirliiies  by 

careful  washing  or  elulriation,  and  then  to  make  an  analy^«i’^  aiitl  ittirtoa'optral  r^aiiiiiiaiion  of  the 

finest  particles.  A.s  few  other  substances  are  %o  hiicly  ilividr*!  *ih  rlay,  inrilioil  give*  rcHiiltv 
which  are  more  accurate  than  would  generally  be  siipfiowil.  An  oi  a  ri.n  may  hr 

in  terms  better  under.slood  by  the  average  man  by  riTalriilaliiig  titr  iiliittoilr  aiialy'a  .  ”  of  ihr  iiiifg 
particles  into  clay,  felspar  or  mica,  and  free  silica,  on^the  lliai  all  the  linir,  magnesia,  ami 

alkalis  are  in  the  form  of  felspar  or  mica,  the  reinaititlri  of  ihr  Alnintiia  ami  4  pro|ioriifmiiu* 
quantity  of  silica  are  in  the  form  of  kaolinitr  or  oihrr^rlay  til  the  liinir  roiii|iifdiit»n  :  anv  Mhra 
then  left  over  being  regarded  as  prcKcnt  in  the  free  %falr.  Tbri  rah  iiUiioii,  wliit  h  r-*  frtiirly  riii|iiriffih 
and  is  open  to  numerous  objections,  is,  at  present,  llir  iir#4tr’4  rfpprtiaili  n*  a  pio^tni.tir  »nalysi»i 
of  clay  wliieh  has  yet  been  devised.  If  taken  in  roniwiirliufi  with  »  amt  |*rtfii|i»gifal 

exanimation  of  the  clay  it  will  give  results  which  arc  at  leiisf  niirlligible  h»  ilirihiy  worker,  even 
though  not  of  the  highest  scientific,  value,  lire  sriioiis  rrfoi  i«  sii«|i  a  firs  m  tlir  amiimp 

tion  that  the  true  clay  actually  present  is  of  ihr  saiiir  a%  jifiMlirnir  ;  m  iralny  many 

aluniinosilicic  acids  (especially  those  in  fireaday'il  a|tpri4f  !»»  t*r  in  liri  in  siln'a.  Tlir  rum  catiseil  hy 
understating  the  clay  and  overstating  the  free  silica  ilof’t  iml,  h*mrvrt,  provr  in  pmrlirr, 

In  some  ca.ses  the  as.sumption  that  tise  oxides  are  pi r»if fit  #1*4  mic*  or  frlxmit  1%  iimfr  ^rriniis,  but 
with  the  present  state  of  knowledge  it  L  diflirtili  to  avtntl  iliti  rrf*»i,  Tlirtr  4%  .i  lirgr  f'irlii  ff*i 
research  witli  a  view  of  finding  some  substance  of  lirtiniir  rhiiirlrii^ittc*  |r^|irr«||>  iii%tditbilily  or 
sulubilily),  synthesisable  from  the  variou!i  alumiitosiliric  arnli  in  a  tiiiAiiiiliiitr  liiaiiiirf.  The 
pre.sent  writer  has  examined  a  large  miml^er  of  likely  bwi  h.ii  liiilietlo  htilnl  to  find 

one  which  is  satisfactory;  in  most  canes  the  aclioti  of  tral  «ii  fbrtti  itrrii  to/.  4iitl  has 

effected  a  se|mration  of  some  of  the  silkm  from  ilir  rfay  i«»i|eriilr,  wloLi  ilir  iir^fiortti  ♦»!  a  clay 
with  a  strong  acid  or  alkali  brings  about  a  complrx  *d  ilir  ifi«|rrttlr  iiml  riutifileldy 

prohibits  the  production  of  a  definite  com|imiml  hy  *4iit|ilr  thmiilr  4r»  I'lir  vanmct 

zeolites,  which  are  .«iimple  salts  of  iihimintisihcir  ariiL,  air  mif  tlillfriiii  i«.i  jufiirttr,  li«i  they 
cannot  be  produced  quantitatively  and  suftidnilly  frre  fpifti  olliri  »if  ilir  dav  ;  it  is, 

however,  highly  probable  that  in  the  fotmatiim  of  soitir  at  a  Iriiiprf^ltitr  ipiI  r^rmiing  ilmt 

of  boiling  water,  that  the  determination  of  the  of  iiiir  liny  iii  4  ■*4tii|flr  i»  likrfy  tti 

be  successful,  anti  a  number  of  chemKts  intfre?*tp«l  iii  rlty^  liivr,  far  littir,  firm  4v4tlmiii%|y 

working  in  tliis  direction. 

Physical  tests  of  clay  are  of  roiisitlerabir  ifiipulaiirr,  but  »fr  is*«  4ii*l  injiiire  too 

lengtlw  a  description  to  l>e  inchukd  here.  lieiwlrr’t  ifiirrr'4r*l  iii  ibrnt  wili  fimi  ilniiktl  »i8*irr4plion% 
in  “The  Clay-WorkerL  Uundliook,”  ami  in  *’ ItritLIi  Sliilr-*,  and  Liirtatiirr, 

P-  139). 
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A  very  complete  Bibliography  of  Pottery  is  coiRuiritnl  in 

A.  B.  SKARi.E,~“The  Clay-Worker's  Ihinclbook."  Loiiilofi*  Dill. 

M.  Solon.— ('eramic  Literature."  Lomlon,  1910, 

The  following  are  useful  where  a  less  comprehensive  IRt  luflicrs : 

C.  L.  Binns.—**  Manual  of  Practical  Potting."  Ltuuloni  umii. 

-  **  Ceramic  Technolc^gy."  London,  lS«)7, 

R.  Borrmann.-"**  Modernc  Keramik,"  Berlin, 

K.  Bourry  (Trans.  Searlr).—**  Treatise  on  Ceramir  Indtisirifs."  Ltifitlf.iii,  D|ii< 

A.  Brononi ART  (Trans.).—** Cohering  and  I iecoralioiMif  Ware/*  LoihIoil  ihf0 
W.  Burton.— **  Porcelain."  lamdtm,  DRi6. 

— -  **  English  Earthenware  and  .Stoneware,"  Loution,  dk*o. 

A.  Dkmmin.-"**  Keramik  Studien."  Berlin,  1HK5. 

W,  J.  FtfRNiVAL.  — **  Leadless  (Ua/.r^. "  Some,  StafL,  ifai-p 

A.  Grancjkr.— “  (Yranuejue  Industrielle."  Pari"*,  dkl?- 
11.  Heoemann.— “  Ilmtellung  ties  Ftn/.clkns/*  ileiltn. 

W.  Jackson.— ** (Yramic  Cjdculiuitms."  London,  ita.»4. 

B.  Kerx..— “  Handlmeh  dcr  Gesarnmten  Ttmindu^lfic."  Iteilm,  tmiT> 

C.  LANGENBECK.~**C,:hemLtry  of  Pottery,"  New  Yoik, 

IL  Ribs.— ** (days:  thdr  Ciccurrenee,  ProjiertieM,  and  Une,*'  'Nrw  %tmk,  d^iM. 

E.  Sandkman.—**  Manufacture  t»f  Karthenwarc,"  Lniithiii,  D^»i. 

T.  ScHAMBKRaRR.—**  Keramischc  Pr&xw."  Ilerlin,  Dpt, 

H.  ScuuiiMA(!HRR.— **  Keriimkchcn  Tonfalirikale,”  Iterliii,  111^4, 

A.  B.  Sbari.e.—**  Clay* Worker*!  Hiindltook."  lamtlotii  lyjll,  d|II. 

——**  Natural  I listory  of  Cky,"  Citml,iri<l|e,  1911* 

—  “  British  Clays,  Shales,  and  Sandi,"  Loiidiin,  ifti. 
li.  Seoer.— **  Gesammelte  Schriften."  Berlin,  ' 

S.  Shaw.— •**  Chemistry  of  Pottery  Material."  London,  iSjy  frei««eii 
G.  Steinbriicht.— **Steingutfiibrikatit»n."  Ilerliii* 

G.  Voc/r.—**  La  Porcelain e."  Paris,  1K9J. 

G.  ZoELi.NER.— **  Natur  des  Por/.elIanH,"  "  Ikfrlin,  ic)W|. 

The  leading  British  journals  are  /Iri/i'i'/i  Ci$iy> 

fountain  and  the  Tramaethm  §f  tki  Kni^iish  Cemmii  Se*  kfy. 

Pottery  has  always  held  an  important  place  among  tlm  rri|iiir«miriiii  «il' 

life,  and  its  use  has  now  extended  to  such  an  extent  lhai  it  k  diffiiTtll  lo  militie  t!ir 
dependence  of  the  industrial  world  upon  it. 

Without  pottery  tijere  could  ntU  Iw,*  the  cemvenkni  rmploymciit  of  ckniiiity  wr>  «*»w  1 

the  production  of  the  highest  grjules  tif  %tei*l  Jiml  of  iwm  othrr  priitliiiTi  cit  ihr  Immefi  would  I*# 
impossible;  there  wouhl  he  no  bricks  or  tikn  ;  the  produiiioti  of  rfirf<wi%v  rliritikiiH*  nil  1I141 
depends  thereon,  would  be  reduced  to  an  iri^igiiincMiii  <|«iitiliiy  ;  llir  of  lor  irtilfig 

and  for  refining  pur|>ose8  would  remain  unknown.  In  ^Itorl,  a  iiimlerfi  indii^ilfiAl  %i4tr  wiilititif 
ma^  diverse  forms  of  lottery  is  almiwl  iiimnreiviible. 

There  is,  in  fact,  as  Brongniart  kw  remarked,  indii^liy  tlial  iti  iD*  pr^nirr,  tii  ii'* 

theory,  ^or  in  its  history,  so  many  interesting  eonskleralion^  in  tlir  wralilt  »*l  in  %r$p|iitiw  411*1 
economic  application  as  the  ceramic  art  or  the  iiiiiniifecitirc  of  vr*iwL  4iid  nmmh  om  of  b,4l,.r4 
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earth.  Nor  do  I  know  one  th.tt  oiicts  piodm-lion-.  . . .  •.isnl*!*-,  m k-  tii.-rr  to  muke, 

or  more  durable  in  spite  of  their  fragile  roii^liiieuMii.  In  iniiiiaii  pnwliirt  arr  iininy 

ciualities  united.*’ 

The  Classification  of  Pottery,  ‘rin*  like*  M*u*ral  tnhers 

which  are  etfually  faniiliari  is  aliiKist  mcaiabiiMif  r\*iu  tkiiiiiiiuii.  li  is  generally 
understood  to  irndude  all  articles  niath*  ut  earihy  iiialriiah^,  as  in  ihr  iise  of  the 
word  “earthenware/*  hut  so  hroatl  a  cleliiikiun  gives  Inn  liiilf  iilra  «t  ihr  nature  of 
pottery.  As  soon  as  a  more  precise  tirtiiiiliim  is  atlritiplrii*  iniwrvrf\  ylifliculties 
arise  which  are  so  staioiis  as  to  render  siirli  iillrinpls  at  a  gnieral  ikiiniiitm  c|uite 
unsatisfoctory. 

It  is  frequently  stated  that  ‘‘ptittrry'*  jHileliiiabIr  **  *rii*  In  iti^i'lr  mI  Imt  in  view  yf 

there  being  no  really  satisfactory  definition  of  cisiy,  and  llir  rtj%iriirr  mI  a  ktgr  aiiitmni  tii  p»»|iery 
in  which  clay  is  by  no  rneans  the  largest  roiiaitnriii*  llie*  'aalriiirfii  Miifrliablr. 

A  similar  difficulty  is  expericnetal  wiicai  it  dr%iit*i!  to  iit**?4ty  tlie  various 
kinds  of  pottery,  and  no  entirely  salisfatloiy  ^  Leeufiealitai  )ti  tirrii 

In  many  respects  a  modification  of  Kruippk  rla*<^%ifir*iii«»ti  iv  liir  licit ;  ii  may  lie 

summarised  as  follows:  — 
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I,  Por^i4S  /W/^rp.  \ 

{a)  Unglazed  pottery.  t»l  Kiifiliriiiiari*.  I 

{/^)  'Ferra-cotta,  liricks,  tilci  |i/l  Uliitia  aiiil  pun  iditiii.  i 

and  refractory  wan*.  I#*  I  Siniirm’ate. 

There  are  several  anomalies  in  this,  as  in  all  ctlbrr  tlaviiliraiiniii  of  pottery;  J 

the  porosity  may  be  unclcrsttHKl  as  relaliiig  to  itir  gnirral  viiliiiafice  <ir  M}»  ^ 

of  the  article,  quite  apart  from  the  use  or  iilisrfit^"  «if  a  Tliiei,  rarllieiiw’iire  t 

which  is  glazed  is,  to  all  intents  and  piirjMisri,  iitiii  |iwoii<,  tliiiiigti  ajiati  froin  the 
glaze  it  is  highly  porous.  .  .  ,  t 

(a)  Ungiazid p^ikry  consists  of  a  plastic,  eariiiy  fiiairri*i!  wliirti  lnii  lircii  made  i 

into  the  required  shape,  and  then  iiciileci  in  a  kilii  nr  i«vrii  iiiiiil  it  Ims  fH.?en  t 


converted  into  a  stonedike  mass  of  mcdiiiiii  liiirdfiri^*  iiiid  grf'al  ttiiriiintiiy.  Hiricily 
speaking,  the  term  “unglazed  ixniery  "  tiirludcs  tlir  Hflk'lri  fiiciilioiiril  in  groiiji  {{% 
but  it  is  more  convenient  toccinfme  it  to  litilkiw  witrr  ariicirv, 

{b)  The  terra-wiia^^  etc.,  group  iiirliiilrv  alt  iJiii  aiiiiir-.,  iii.ulr  of  raitliy 
materials,  which  are  of  a  porenw  mitiirr.  Tlir  iiiriiiltri%  «4  iluv  gfoiip  me  liiiiitlly 
soft  enough  to  be  stTattffied  by  iron,  bill  Miiiir  ui  ilirin  ,i!t*  Iwitl,  or  have  a 
superficial  hardness  so  great,  that  they  raitiitit  hr  vta.iii  linl  by  ‘dnT 

The  pottery  in  the  two  foregoing  groups  cofrufil'*  iipiuHi  nf  liiitiirti  clay,  its 
colour  varying  from  light  yellow  to  red,  ret|ili\|i  liitittfi,  ,otil  linally  to  a  toliiiir 
dark  as  almost  to  approaclt  black.  If  tin*  raw  iiiatrfuil**  tc  r*|  *irr  everiiiioirdly  pure 
or  are  rich  in  lime,  the  pottery  may  he  qiiilr  wtiilr, 

If  the  temi^erature  to  which  the  piltriy  K  hratrit  tii  ll»r  l-i  n  » i  r.  'tiilid  irittly  Itigli*  tlir 
material  of  which  the  gcMHli  are  matk  witrWgtii  n*  ittid  I-  w  p  4iid  %li4pr,  Wiili 
most  claw  this  occurs  at  it  tcmperatiire  *tl  alic*tii  l  ,  e  ^  pMiirtf  fiwtrft4l  r,ift 

withstand  the  actiaa  of  a  kiln  at  a  lem|ifraniif  of  t  ,  n  i»i  iviiwllv  pliirrd  in  a 

separate  class  as  a  heat-resiitlng  or  rcfrariiify  ititiiriwi,  Sitrli  trli  ^  h4%  ^  ^ 

to  lie  scratched  by  iron,  thougli  |mrl%  of  lltr  %iirfticr  nm}  hr  mIIv  d  il»r 

of  the  kiln  has  been  very  high.  i 

When  a  piece  of  porous  ware  lm«  lw«  Itr^ird  im  muh  a  ihAi  ihr  I%ihr4  w.iiirf 

formed  commences  tc  fill  the  porcit,  the  ana  te  will  |*rfirf#lly  n-.  diiti*’  i**  1' 

twisted  or  warped.  If  it  does  not  do  tliii,  it  he  ?  fj’.'.iiird  iioiirty,  J 

Tims,  a  brick  clay  will  ordiimrlly  W  w*.rd  for  pototii*  wwr  mo h  lO.  I,ii4  it.  niid  ifki,  !•«!  bv  he,tiitig 
it  in  the  kiln  to  a  higher  temficratwre  than  a  rtfolr  iuid  #4  li.t-ti  tmv  hr  i' 

obtained.  ’  j 

’  ^(<?)  Earthemmn  consists  of  pciroufi  pottrry  niirin!  ttilli  a  of  gki/c*  ^ 

It  is,  therefore,  impermeable  so  long  m  the  gk/e  iriiiaiiii  iotiiitl  iiid  mtinlc,  bill 


earth ;  litked.  Flic  leriii  hi  m  ih^  a-ii'j  wch  r  a  pniirithif  t'r«l*4iri 

but  in  pottery  its  original  stgntftraiice  of  lakeil  riiiti  §%  iriiiirird,  mi?*!  r«  of  flit 

colour  of  the  ware  (see  Sections  LXIX.  and  LXX.  | 
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ny  damage  to  the  glaze  will  simiiltanecaisly  increase  the  fHirosiiy.  h  » iiiluiiiiiiy 
0  use  a  thin  covering  of  white-burning  clay  on  the  ware,  iiiiiiieihalrlv  lit-liiw  flir 
;laze,  so  as  to  give  the  article  an  appearance  of  luiving  been  itiaiie  tliioiigliotii  mI 
he  more  expensive  clay.  In  some  instances  an  opaque  gla/e  or  eiiaiiicl  srivr-*  llie 
ame  purj)ose  of  covering  any  defects  of  ca^our  or  texture  m  the  <  lay  t»f  wiiirli  I  lie 
■arthenware  is  made  (see  also  Section  LXVL). 

The  term  ** earthenware”  is  very  eliistle,  ant!  ecmipdsrs  paliety  t4‘  wiilrly  ilitlririu 
[icUuling  the  crude  efforts  of  peasants  in  srnneivilisrcl  rcaintries,  as  writ  »ii  tlir  rl4ili**iiiic  wwii 
f  the  most  gifted  earthenware  niunufaeturers  In  the  world  work  for  wiiirh  tlir  fliholi  pillrii 
lave  been  famous  for  many  years,  and  fcjr  wlnrh  they  to  niiiinlahi  llirir 

On  the  Continent  the  term  /ci/Wicc  is  used  for  all  gla/cd  ariirlci  tither  thaw 
toneware  and  porcelain,  and  is  thereftjre  applic‘d  tct  cxirihenware.  I1ie  Icrtii 
najoHca  is  used  to  indicate  a  faience*  or  earthenware*  in  uhich  the  body  is  riivrint 
vith  an  opaque  glaze  or  enamel ;  this  term  is  used  somewhat  k»osrlyi  and  m 
)Ccasionally,  but  erroneously,  applied  lc»  ware  tasvered  with  an  tip;tt|Uc  Iwnly  ovrr 
vhich  is  a  transparent  glaze. 

Chinaivare  and  porcelain  are  the  most  valuafilc  fbriits  of  pufftay  ‘»4i  far  as 
)eauty  of  form,  texture,  and  decoratiem  are  c’onccrncci  It  is,  indf^tai,  a  r’aitsr  lof 
')erpetual  wonder  as  to  how  it  has  been  pctssihle  for  such  lovely  tili|rt  1%  n*  bt^ 

nanufactured  (see  Section  LXVIL), 

The  term  jKvrcdain  ”  Is  applied  liy  ccdketori  and  cilhrri  tc»  so  itiaiiy  lliii  « 

:annot  he  defined  at  all  accurately,  though  sill  true  |»t»rcekliii  |itiwtw  retliiii  rkifly 
iharacteristics.  Amongst  these  are  tlie  impervioufine?»i  of  the  t#rgiy,  itir  liiicnr'ti  tif  litiidi,  ami  ilit 
vhiteness  of  the  undecorated  ptJrtions  of  Utah  thr  hi«ly  itml  llir  gla/r*  itir  gfiirntt  «f 

he  ware,  and  the  tramlucency  of  the  thinner  portioni  nf  if.  Hut  itir  rlnrf  rliafacirttilir  mini  It 
listinguishes  the  porcelains  from  all  other  kimlH  of  ptuirry  in  thr  iiiaiiiirt  in  wliirti  tlir  liidil  s'* 
•eflected  from  their  surface.  Some  of  the  bent  siveiinetiH  of  rarihniw’iire  itint  ?*ioitrwi4fr  AiOiiii  4 
ranslucency  and  hardness  quite  equal  to  that  «»f  poteelain,  yrl  they  nitiipfiir  wifli  ilir  luhilr 

ind  beautiful  effect  produced  by  the  play  of  light  on  purrrliiiii  lirriiiiir  t4  ihr  ♦liflnriw'r  oi  ilir 
exture  and  surface  of  the  latter.  This  Is  due  to  the  g!ii/r  in  ii  tiriir  |it»rcriatfi  liiiviiig  4  i  oiiipi%tiiMti 
ind  nature  very  similar  to  tliat  of  the  burly  to  which  it  i%  iippltril,  *so  tliiif  ilir  tfiimtiimi  Iimiii  ilir 
)uter  surface  of  the  glwe  to  the  braly  of  the  ware  is  tlellritfrly  gradual  ifnfrad  id  Iving  m 

)ther  forms  of  pottery.  When  thr  light  falls  tm  thr  ^iirhire  of  a  pirrr  of  itm  fiuirdiiiii  it  i% 
•eflected  back  by  myriads  of  tiny  crystal,  each  surroumird  by  a  Mitwiiiiirt*,  ici  itiii  il  riprigr** 
ioftened  and  subdued,  in  a  manner  which  m  exrjUiiiicly  boaiiiiftil,  itntl  h  qittit  of 

nent  in  any  other  kind  of  ware. 

There  are  many  kinds  of  i)orcelain  -  indeed  each  different  work«  »nt**t  jietfort « 
produce  a  porcelain  differing  slightly,  yet  recognistihly,  from  the  other!.,  and  a 
perfect  imitation  is  almost  as  impossible  as  it  would  Iw  undesiralde.  I  lenee,  the 
products  of  all  the  well-known  firms  may  readily  bo  idenlifietl  by  the  ex|»t*rt  wiil»o»« 
any  reference  to  makers’  marks.  Yet,  notwithstanding  the  nudtipln^tty  of  the 
porcelains,  they  may  be  classifietl  in  three  main  groujrs  acctjrtling  to  their  com 
position,  viz. : — 

(a)  The  natural  or  true  porcelains  consi.sting  esscnti.dlv  of  a  mivture  of  «ky  and 
felspathic  material  with  a  glaze  of  similar  composition,  hut'nmre  fusible  :  re| 
by  the  Chinese  and  Japanese  porcelains  as  well  as  by  the  "hard  p.iste"  puuekios 

of  Continental  Europe. 

(J>)  The  artificial  or  glassy  porcelains  whioli  were  iiiaclc;  friiiii  a  iiilxitir**  I'Liy 
and  fused  silicate  or  frit  in  the  eighteenth  century  in  variiniH  parts  nf  F.iittifitc 

These  porcelains  are  known  as  ‘Hoff  "  or  “  irmirr  ”  iiitd  ww  iltflirMlt  iti  tif  ilir 

low  plasticity  of  the  raw  matenaK  and  ihr  Imbdliy  of  ihr  artklr.  i«  wwp  of  h*%f  ihrsi  4mu^  whm 

m  the  oven.  *  * 

(c)  China  ware  or  hone  porcelains^  invented  in  Engliiiitl  litii  ii«iw  iiiiicle  in  Aiitriirii 
and  m  various  parts  of  Europe.  Ihe.se  consist  of  ;i  iiiixiiirc  of  rliiy  wiili 
bone.s  and  a  naturally  occurring  mixture  of  felspar  untl  quart/  kritmui  as  ctiifki 

stone. 

The  product  k  intermediate  in  prriprrti«  ilie  oilirr  two  groiiirt  4  ibourli 

hearing  a  closer  resemblance  to  the  nattirti  f.»orcrlaiiw  ilian  to  tlir  niiilti  iil  oiir,.  * 
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'rhese  threr  grtnips  nf  porrrLiiii  may  4Ki»  In*  %ulil  iii  *iii  tiiigLi/itl  slair,  torniing 
a  niint!>er  wart'S  tjf  which  at  shiiuarv  is  ilu^  lir\i  kritiwii. 

Both  the  Ifiulrr  porcrlaiiis  aiul  the  rhiiiawarr  arc  iiaMpiihlr  nt  llir  litMiity  of 
t!ic  finest  speriiiieiis  of  haul  pMi’crliiie*  lit-eaiise,  in  the  luiiiifi,  ihf^  gla/e  tisrcl  h  fired 
at  a  ttinpiaature  nuieli  below  iliai  ff*i|iiiretl  toi  tlir  wau^  ilself,  wlitaeas  in  the*  true 
porcelains  the  gla/e  anti  the  body  aie  ImiiIi  finisliial  al  llie  same  teiisperatiire  and 
a  far  inou^  IjoiiitJgeneoiis  pUHliu  I  is  oli|*iiiied. 

The  iii.nnifaeiiifr  «4  tnir  |t.iii'rl4f5i  «rvri  |n*Hril  i  >.iiRi4iri»  iaIH  |»fi4ilAl4r  m  Ilrilaiii, 

»nil  by  fill  itir  inr*itri  |uil  *4  ImjcJmIi  P-»irr*liiti  u  el  iftr  Iwmr  i»j  rliiiiitWiiir  fy|ir,  Xlif 

lliilish  c»iivriitfm*nt  It^»w.rvrf,  \  a  boi'r  ami  tii»t|irf  n*  br  i|triif  m  rii*lr.iu»tif«  |u 
a  tiani  Hnirai 

For  fiif!lit?r  tltUailSj  %rr  Seclion  LXV'II. 

Simewiiti  ccmsisiH  til  a  tit ui  p< irons  l«tt!v  wbii.  iif  may  lir  envered 

widi  a  glilfc.  Il  is  tlisliiigilislied  fruiii  puftrlaift  bv  its  lark  tjf  imiisliireiry,  hy 
its  colour  ami  hy  m  etiurne  iiitliirr*  and  fit*m  ratllifutwaif^  aiiil  ieirartiti*i  by  its 
impf*rvkniiitiesi  to  water.  l%h  iitijteritieitliiliif  is  itrvrr  alisti|tiii%  and  iiiimi  iiiigliued 
stoneware  will  absorb  a  frartioii  oi  tuir  per  nmi.  til  wain  ,  hriit'*r  iliere  ts  no  sharp 
dividing  line  belwern  Hlcmeware  atid  terra  I'rilla,  ilimigli  in  prartii  e  litilfMaiiiltiikm 
arises  iii  classifying  these  w;tre»i. 

The  trrm  **  !’i|oftr»*4rr”  o  lfr*|tirfilh  i<*  4's*4f'»r  |.g4?.ri|  wAfr  n^nl  m  lAfiiiailMti  i-aii'li 

kiii'lieii  Siiik’%  .ittil  ilfiitfi  airit  w^ir  Ian  ii  b.tifk  itlmiilwi  bmi  rsirriMlIy 

iiti|trf¥iino  by  a  taiaimi  «il  gla/r.  Tlir  iiisiir  j|4|trll4it*»ii  u  "  •sssiiiiiafi*  rani  111*11 » Air  "  Some 

<»f  lllf*  Iia  *  -isiior  ir  -iriiiblAio  f  ia  tim  |»4f«'r!4iti*s*  l4i!  I'>  fra*illi'  *lrs!ijigttiitif4l»lr 

by  fiiUrrriit  ir^Uiir  itii«l  4r:iii»fi  ^<ii  b|*te 

For  filillier  dclaih*,  see  Sn  itoii  LWIII. 

II1C  physical  properties  of  pottery  dnlrt  .iriMiilfng  ui  ihe  mtttife  tif  ihr 

ware  and  raiiiiol  writ  In  M»nsnlrird  iit  latiif . 

/h*’  iifiJ  »  patrfv  m4*e  I#*  ^'Oriorfa  m  rtiUidi  to 

wAlrr,  iinik  ilmtaiinii.  iliii4*4  «»r4  m  t  ^aiis  ao  I  l  «  wele.oiiiil  tiolifUfy 

writ  Aflii  lt‘Af  Atid  sii«  Il  nmklr'fi  ill  irfiii-rMtoir  4  4e’  ffbifAtllf  r¥|«ri4*^IO  rd  Ifi  lU  tt#  It 

♦illoiilil  br  iilratAtil  iti  **  4ft4  ?  k  #4  ||  gr  t«4i|  m  kali  iii  >  4f%r4  i*  »ti  aii*1  ill 

rot  nuing  *1*  %ilt  lUi'friw  ihr  |»|r .1*411  r  frll  m  irmg  <  1  in  vrr4i|* 

I’ot  //.  Ifndi  iitii',*  I  4  »  g  m  of  litiidfi  '*041*4,  .ifai  ssoe4  be 

♦iWllli  irtilly  ir‘Ot»lfit  !»♦  tbiiil'*  to  mbab  U  1  |«i^  *0  aio  ^  la  i-f  br  ^oM|j|| 

rimiii*li  to  U't  for  4  ir r44i4t‘lr  fimri  Aft*!  si*.-*  »  iii  4*4  4  wl  iimsi  -loa-iei  to  jaiiv  Afiy 

I  uU'*  Of  loir  4  4  4lil  rlr^  Ifl  .tiftlfirol  i  t  »!«'.  b  U  O  I4»rl|  |  mr  -54%^  O  I  |h  bf  in»  II#**  ©I 

lilAtitibo  llltr,  g>*tlrf|  toil  4  br*  «  »|uli!r  *1  briiv,  t^%tr4  sV.d  *  *^‘"4  io| 

f  4iiiUitj  lit  lim  ^*1  I  ah  v4iwb  iss*  *b<  ?  lif  «i  b  1  *»  |  e  ii.tii*  ^r  •  .jii*  ,r  eH  t  ‘4|  It  1  4 

I  4111.411  liiiMtiiit  gt  miifl  *fii  ttidi  fi#*  e  tr 

t'«»l  viir  /iifa  5##f  .1/ M  *♦  *  ,i  tmoC  irtbrs  b it  i.  I4 4a -j  4|>r  |l4ii4iii|*  btsA'i  .tiiti 

Iriot  ?  f4i4  llill'il  ^4i»lf|i|rolh  .li.ee  !-*  ^410  Oia  ^iU  dtr-  iO  14  frflAOofV 

blbk‘*  4fl*l  ibt  ll*jr-4  01  flo*  iitr|4  »  <  *  Alel  *««  J  1  rf*  »  fr-a'iliiw*  4<e  p|iilt4lfV 

||»rtitsto,  til*  .  404  biot***  «  ^  i«4  !  *o|*ii  'io  4-j  to 

%iiloi4it»i  iltf*  i4fMi  4fi4  tfii  at  fiAlia  ‘'M'l  ft.  ,» 1*  ■jionigla  sima  .if^ bcao iniAi 

»t|4  llt»***|  l|4«l*a  *ui%f  n  |t|f  4||K4|f«,  <  ^  fp  mIH  ital  *ill 

W  wlini  tlir  Imiliiitiim  »  oitt|4«*tr*l  1*4  1  la  i  <br  »  *’1*^4  .iirl  ni|ir  4i4o«  r  4fr 

of  tililior  iiilpitlAiii bit*  il  tbry  .ifr  I.Oit  fb*  4f.  loir#!,  ildt 

siwilglli  iifPi  If '4»l4itt**  *0  i  ikidottg  r*|iull|  iwi|«  i»  Uf||s  /f.u  Oio  t 

kei  lli*^  kAfur^i  o-o -‘|*i44i**  »l  I'if'  »  I  f  a  o  **  |*ier 

Ilf  rfttyb  Mui  tlir  |f%|l|fr«  *4  fli'*'  toililr  'irOt|4*  Ibr*  Il4f'‘  ^sf*'  4  ilir  1^1  f*  l!c ’4  ilo|  !4ia  Old  II 

f|vi|  iiifiri|liriill|  liJipfiriw  fli-,ii  4r!r*  mbi  fi  ir'ailf  w  sn  4llf4  Ui?*  i|i|#4fAiar  .itr  li«*l 

iiiririy  liilrrafrii  bill  Air  .o  tivrly  %isr|  ««iri|  |  lir*  414^*4  m  'Uf4*ik  .iii’t  tlir 

ifl*’|plbil  .if  (lobiittrd  f«  l|ir'4  .lod  Af.  it  .  U  |  if  aI  rt  oii|>b  t  4  sIrffO*'.  *<4  ilil'* 

rfliliO  irr  will*  It  irr  ii 4  f  odi**  i  <4  oitet  ert4f*4'’a  140*  « 

Iw  iintiy  m|  4#*^  ifUor  laiitny*  .,f  loii  it*  ot  **  f*  f  4o  ur 

|iliff*f4?rH  0^4  tfi  »i4ri  I  .  <44iiti  b-viiiiiliil  rllrt  I .  jif  I  I' a  |4  ilri  o  aOp'I* 

fill  llttbaif  t|  .r  O'V‘4  |J©S  ||«/  »ll|f4bf||!l  <itl4  fr»4  fjii.f#  (' ii.lU  lt«  A  *t»  |!0/-|ab4  ** 

ri|«rsrsl  |o  flir  %ir4l|  4o4  il  1%,  Ibrtrbtlr,  tee  »  ^  it  C  **4  *««»  ifkt!*.  M4* 

t|i4l«r  Ii*t|i*rr4il4r  ^.r.tOirf  t  |»^4lrn  ? .  4 

I  ||<‘*  ikM+fAltli*  %  ibsr  ol  jlillriy  ulrgrii  1%  I  rtilifrh  Irk||i»|f4l  *11011  41^1  ^41  till* 

,r%ltiriii  frrlifi|»  pfOir  \f4  ta  tin*  r  rii|0|a  4  i!  tii.iiiwCo  04f  fi-j  UrAtiH  t#'4  a#»fifftir4  to 

r»ib»tif»  4r‘»lUtl  “f  in-atr'ii  ♦ff.tuo  |fao4sl4  r*  fo  il  #*  mU'4  ol|ie  t  lleoi 

m%  ft|.cr|i4l  !•  4  Ii  If4f  ifir  iMfliCa’i-  4  a*  .if|,»l4r  <  »be'#  <  |o  t^4  i"*',  r»  b  4f4  ir^  ir*l\r  I 
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mechanical  exactitude  in  manufacture  is  ohtaineil.  It  is  still  true  that  pottery  is  one  of  the  most 
conservative  as  well  as  one  of  the  most  progressive  arts,  yet  the  progress  made  in  manufacture 
during  the  last  Inilf  century  is  remarkably  great.  The  modern  potter  with  more  precise  technical 
and  scientific  knowledge  of  the  materials  used,  and  better  methods  of  heating  them  than  was 
possessed  by  his  predecessors,  is  continually  finding  new  materials  and  new  etlects  with  simpler 
and  more  reliable  methods  of  manipulation.  At  the  same  time,  the  increasing  demands  of  other 
departments  of  industry  are  opening  out  fresh  fields  of  service  to  the  manufacturer  of  pottery,  and 
are  increasing  the  value  of  this  material  both  industrially  and  lesthetically. 

The  manufacture  of  pottery  has  undergone  many  changes  during  the  last 
few  decades,  and  the  modern  custom  in  Continental  Europe  of  building  very  large 
factories  and  working  them  in  the  most  up-to-date  and  progressive  manner  possible 
is  making  it  increasingly  difficult  for  the  smaller  firms  both  in  this  country  and 
abroad.  The  rapid  increase  in  American  potteries  is  also  tending  to  close  one  of 
the  best  markets  open  to  British  potters.  In  the  newer  countries,  competition 
amongst  British,  French,  and  Cerman  potters  is  very  keen  and  the  progressiveness 
of  French  and  Cerman  potters  has  made?  their  influence  felt  on  the  home  trade 
of  this  country. 

It  must  be  clearly  imtlcr.sl<»<Hl  that  British  potters  have  greatly  improved  the  cpialily  of  their 
wares,  and  the  secession  of  English  earthenware  from  its  monopoly  of  many  foreign  markets  is  not 
due  to  the  cpiality  of  the  ware  produced  in  this  country,  Imt  to  the  development  of  pottery 
manufacture  in  other  lands,  the  greater  appeal  to  local  tastes  made  by  many  Continental  potters, 
the  lower  costs  of  manufacture  due  to  State  sulisidies,  the  amalgamation  of  small  firms,  the 
ectmomies  and,  most  of  all,  to  the  improvements  ellected  by  tlie  intensive  application  of  scientific 
investigation  to  the  requirements  of  individual  works.  In  Eingland,  on  the  contrary,  potters  have 
endeavoured  to  meet  com|>etiticin  by  <lirect  economies  in  manufacture,  /.e.,  by  avoiding  wastage  as 
far  as  missible,  but  without  making  much  effort  to  reduce  costs  by  working  on  a  very  large  scale. 
Insteati  of  employing  trained  men  to  undertake  scientific  investigations  in  their  own  works,  they 
have  been  content  with  “experiments’'  of  an  amateur  nature,  carried  out  by  llieir  foremen  and 
other  workmen.  The  l»’rench  and  (lerman  potters  have  sunk  enormous  .Hums  of  money  in  work  <>f  a 
purely  investigational  nature;  that  money  is,  to  all  intents  and  purposes,  lost,  hut  it  is  being 
regained  in  tlu*  form  of  rapidly  increasing  trade.  Tin;  British  potter,  on  tlie  ctmtrary,  is  unwilling 
to  spend  large  sums  of  money  in  this  manner,  and  so  is  faced  with  an  increasing  competition.  The 
British  (Government  is  endeavouring  to  assist  potters  in  various  ways,  but  the  existence  of  many 
small  firms  with  no  surplus  capital,  rather  than  a  few  large  aiul  rich  ones,  prevents  much  jirogress 
being  made  against  foreign  competition. 

Both  policies  have  much  to  l>e  said  in  their  favour,  but  there  can  he  no  doubt  that  a  firm 
of  pottery  mamifacturers  willing  and  able  to  spend  numey  in  properly  arranged  hr vesligational  and 
organisational  work  will  have  a  far  better  chance  of  succeeding  than  those  wliich  continue  on  the 
present  lines. 

As  a  single  instance  of  the  two  different  points  of  view,  it  may  he  stated  that  'whilst  America 
has  five  icliools  for  clay-working  connected  with  its  universities,  (Germany  has  six  such  schools  all^ 
heavily  endowed,  and  (Great  Britain  has  part  of  one  small  building,  which,  until  recently,  was  of 
a  wholly  temporary  character ;  it  is  under  the  control  of  a  committee  whose  interests  are  purely 
local. 

Vet,  in  ipite  of  all  their  disadvantages,  the  best  productions  of  British  potters  are  still  unrivalled 
in  lamuty  and  design,  in  quality  of  workmanship,  and  in  technical  excellence. 
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SliCTION  LXVI 

I^ARTHENWARK 

By  Alfrki)  B,  Seari.k 

Ccw  v/////// Skfjjhid 


hlTKRATUML  (See  under  Pottery,  p.  151) 

Thk  term  eari/mmHtre  comprises  a  large  number  of  clBTerent  kinds  of  pottery,  all 
of  which  consist  of  a  porous  body  (or  biscuit)  covered  with  a  suitable  glaze.  It  is 
sometimcH  a[)plied  to  ungla/ed  hollow  ware  such  as  flower  i)Dts,  but  it  is  better  to 
include  all  unglazed  ware  under  a  different  ternu  For  domestic  earthenware  the 
glaze  is  esscmtial  ;  without  it  the  ware  would  become  dirty  and  unsightly  in  use. 

Earthenware  may  be  divided  into  :  — 

(a)  Cmrsf*  mrihemmn%  composed  of  a  red  or  buff-burning  clay  covered  with  a 
simple  and  somewliiat  crude  glaze. 

{if)  Fim  eariimnware,  tu)mposial  eff  an  almost  white  body  covered  with  a  One 
glaze,  the  ware  being  made  and  finished  in  such  a  manner  as  shall  increase  its 
intrinsic  beauty.  It  is  generally  agreed  that,  for  the  price,  there  is  no  pottery 
l)ctter  for  ordinary  use  than  fine  English  earthenware,  though,  when  price  is 
important,  porcelain  has  some  advantages  not  obtainable  with  earthenware. 

In  the  classification  of  earthenware  it  is  often  convenient  to  group  it  according 
to  the  glazes  used,  thus  :  — 

I,  Ware  with  a  triuiipiirent  glaze  of— 

(ii)  Aikmiim  nature,  as  in  Persian  faience. 

PiumiiifiroMS  nature,  ii«  in  English  earthenware  anti  faience, 

(A  B&radf  nature,  m  in  kadleiii  glaieti  ware. 

3.  Ware  with  an  opq^ue  gtee  or  enamel,  m  in  majolica,  Della  Robbia  and  Delft  wares,  A.h 
the  enamel  usually  contaimi  tin  compounds  a»  opacifiers,  this  ware  may  be  termed  stamtiforous 
faimi'i. 

It  is,  however,  desirable  to  group  the  various  kinds  of  earthenware  according  to 
the  composition  of  the  l)ody  used,  viz, 

1.  Coarsi  earthenware  made  of  a  single  clay,  or  of  two  or  more  local  clays,  with 
the  sole  addition  of  sand  or  crushed  pottery.  This  ware  is  usually  covered  with  a 
pUimbifcrous  or  an  alkalidioracic  glaze,  and  is  chiefly  used  for  very  coarse  pottery, 
architectural  faience  (sometimes  euphemistically  termed  glazed  terra-cotta),  glazed 
bricks,  heartli  and  wall  tiles,  sanitary  ware,  cheap  vases  and  other  decorative 
articles, 

2,  Caieareoas  earikenwan  made  of  marl,  or  of  a  mixture  of  clay  and  chalk. 
This  is  the  basis  of  enamelled  ware  (majolica,  Moorish,  Spanish,  Delft,  Della 
Rolibia  ware,  etc,).  This  group  of  earthenware  is  largely  used  for  tiles,  fireplaces, 
and  for  decorative  objects.  The  chalk  present  is  essential  to  the  correct  adhesioit 
of  the  enamel  or  other  glaze  used,  Tlie  glaze  is  usually  opaque,  i>,,  an  enamd, 
hut  alkali-'plumbiferous  glazes,  or  glazes  consisting  of  alkaline  earths  and  Imracic 
acid,  are  sottuaimes  used.  (Calcareous  t*artl’ienware  is  not  manufactured  on  a  large 
scale  in  England  at  the  present  time. 
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3.  Siliceous  earthenware^  consisting  of  sandstone  covered  with  plumbiferous  glaze, 
was  made  by  the  ancient  Egyptians  and  Persians,  but  is  no  longer  manufactured. 

4.  Fine  earthenware^  consisting  of  a  mixture  of  fine  clays  with  flint  and  a 
felspathic  material  known  as  “  Cornish  stone.”  The  glaze  is  composed  of  similar 
materials,  in  different  proportions,  together  with  various  lead  and  boron  compounds. 

Many  attempts  have  been  made  to  use  glazes  free  from  lead  for  this  purpose,  but  cmly  with  very 
limited  success.  There  is  a  considerable  field  for  extensive  experiment  in  this  direction,  but  so  far 
no  substance  has  been  formed  which  possesses  the  same  power  as  lead  of  producing  a  rich  and 
brilliant  glaze  at  temperatures  suitable  to  the  body  of  the  ware.  The  number  of  leadless  glazes  now 
in  use  indicates  the  great  progress  made,  but  the  uses  of  these  glazes  are  very  limited,  and  they  lack 
the  brilliance  and  ease  of  working  possessed  by  plumbiferous  ones. 

As  previously  stated,  fine  earthenware  forms  the  bulk  of  domestic,  culinary  and 
table  ware,  and  its  use  for  decorative  objects  is  rapidly  increasing. 

The  body  of  earthenware  may  be  red,  yellow,  or  white  according  to  the  clays 
used.  As  it  is  completely  covered  by  the  glaze  its  colour  is  unimportant,  but  at  the 
same  time,  it  must  be  observed  that  the  term  earthenware,  as  ordinarily  used,  refers 
exclusively  to  fine  earthenware.  The  glaze  can  be  scratched  by  steel  and  is  more 
readily  chipped  than  porcelain,  but  is  very  resistant  to  changes  in  temperature. 

The  better  qualities  of  earthenware  are  sufficiently  dense  to  ‘‘ring”  when  struck,  though  the 
body  is  highly  porous  before  glazing ;  it  is  closer  in  texture  than  most  of  the  commoner  wares. 
In  appearance  and  usefulness  the  best  earthenware  approaches  the  ordinary  chinawares  or  porcelains, 
though  the  latter,  having  an  impervious  body,  are  preferable  for  many  purposes.  Hence,  the 
increased  production  of  cheap  chinaware  and  porcelain  tends  to  displace  the  use  of  earthenware  for 
domestic  and  hotel  use. 

The  Constituents  of  Earthenware. — All  pieces  of^earthenware  are  com¬ 
posed  of  two  parts— (<2)  the  body  of  which  the  article  is  made  and  (b)  the  glaze  which 
covers  it  either  partially  or  completely,  and  is  intended  to  render  it  non-porous, 
cleanly  in  use  and,  in  some  instances,  to  add  to  its  beauty.  A  third  constituent — 
the  engobe— forms  part  of  some  earthenware.  The  chief  object  of  the  potter  is  to 
produce  a  paste  from  which  he  may  form  the  body  ^  of  the  articles,  this  body  being 
required  to  possess  certain  characteristics.  It  must  be,  for  instance,  sufificiently 
plastic  to  permit  its  being  moulded  or  worked  by  hand  into  any  desired  shape. 
When  dried  carefully  it  must  not  twist  or  warp  or  otherwise  lose  its  shape.  It  must 
also  be  sufficiently  strong  not  to  be  damaged  by  reasonably  careful  handling.  When 
taken  from  the  kiln  it  must  be  strong  enough  to  be  employed  for  all  the  customary 
purposes  for  which  it  was  designed,  and  it  must,  therefore,  contain  sufficient  fusible 
material  to  bind  all  the  particles  strongly  together.  At  the  same  time,  the  amount 
of  fusion  which  occurs  must  not  be  sufficient  to  cause  the  article  to  lose  its  shape. 
The  materials  used  for  the  body  must  be  in  so  fine  a  state  of  division  that  they  do 
not  spoil  the  surface  of  the  ware.  Thus,  delicate  modelling  and  carving  cannot  be 
done  satisfactorily  if  the  body  contains  large  grains  or  gravel-like  pieces  of  material. 
At  the  same  time,  it  must  not  be  so  fine  as  to  make  the  ware  unduly  dense,  or  it 
will  cause  cracks.  In  the  crudest  and  cheapest  wares  the  cost  of  grinding  the 
material  to  a  very  fine  state  is  prohibitive  and  not  infrequently  compels  the  use  of 
coarse  clays,  to  the  detriment  of  the  product. 

The  colour  of  the  fired  body  must  be  agreeable  for  the  purposes  for  which  it  is 
to  be  used.  In  the  case  of  fine  earthenware  it  must  be  white,  or  nearly  so.  In 
many  instances  a  body  of  undesirable  colour  may  be  covered  with  an  engobe  of  a 
satisfactory  nature  and  the  disadvantage  thereby  overcome. 

The  glaze  rnust  be  sufficiently  fusible  to  flow  satisfactorily  over  the  surface  of  the 
ware  to  which  it  is  applied,  but  it  must  not  be  so  fluid  as  to  run  down  sloping  or 
vertical  portions  of  the  ware,  leaving  them  scarcely  covered  with  glaze. 


1  The  term  body  is  used  by  potters  to  mean  {a)  the  substance  of  which  the  article  is  mainly 
composed,  z.d.,  Ae  article  itself  apart  from  its  decoration  and  glaze  and  (b)  the  paste  or  other 
material  from  which  the  potter  forms  his  ware.  The  term  is  also  applied  to  a  thin  coating  of  clay 
between  that  of  which  the  article  is  made  and  the  glaze.  It  is  preferable  to  use  the  term  enycobe  for 
this  kind  of  body  (see  p.  173).  , 
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Too  infusibU*  a  glaze  will  be  deficient  in  glossiness,  and  may  contain  numerous  air-bubbles;  too 
fusible  a  glaze  will  be  dear  and  brilliant  in  places,  but  it  will  be  unevenly  distributed  and  will  be 
too  thin  in  various  parts  of  the  wart*. 

An  or  slip  is  fretiuently  placed  between  the  body  and  the  glaze.  Its  sole 

purpose  is  to  cover  the  form  and  to  give  a  finer  surface  to  which  the  glaze  may 
adhere.  On  account  of  its  position,  an  engobe  must  naturally  partake  of  the 
properties  of  both  liody  and  glaze,  and  it  usually  t'onsists  of  a  mixture  of  relatively 
pure  clays  with  some  of  the  glass- forming  constituents  of  the  glaze.  ICngobes  are 
particularly  useful  when  the  clay  used  for  the  body  of  the  ware  is  of  an  undesirable 
colour,  or  is  of  such  a  nature  that  the  effect  of  applying  the  glaze  to  it  is  unpleasant. 
If  an  ordinary  red  brick  is  covered  with  a  transparent  glaze,  the  finished  product 
would  always  be  of  a  reddish-brown  colour.  By  covering  the  surface  of  the  brick 
with  an  engobe  composed  chiefly  of  white  burning  clays,  however,  white  glazed 
bricks  can  he  produced.  If  c'oloured  bricks  are  rccjuired,  tlie  colours  may  be  added 
either  to  the  engobe  or  to  the  glaze. 

This  use  of  a  thin  layer  of  .superior  or  more  costly  clay  is  generally  cheaper  and  more  satisfactory 
than  the  use  of  an  opatjue  glaze  especially  if  the  body  <»r  the  ware  is  strongly  coloured.  U  also 
scrve.s  as  a  convenient  means  of  reducing  the  cost  «)f  the  materials  used,  for  large  articles  may  l)C 
made  of  a  comparatively  cheap  day  which,  when  eoveretl  with  an  engtsbe,  will  ajjpear  to  be  made 
of  the  .Huperit)*’  clay  used  in  the  latter.  l‘he  chief  disa<lvatUage  of  engohes  is  their  liability  to  spall  or 
crack  ofT  on  eseposure  ;  this  can  only  be  avoulr<l  by  skilful  attention  to  details  in  manufacture,  and  on 
the  correct  adjustment  of  the  body,  engobe,  ami  glaze  to  each  other.  It  is  in  this  careful  adjustment 
that  the  remarkable  skill  of  the  p(»tter  chiefly  lies,  ami  it  Is  in  this  direction  also  that  he  derives  the 
greatest  benefit  from  the  emplcjyment  of  a  skilled  ceramic  chemist. 

When  a  piece  of  heated,  glazed  or  eugobed  ware  is  cooled,  the  body,  engobe, 
and  glaze  will  all  contract  at  different  rates,  and  if  the  stresses  develoi)ed  by  these 
contractions  are  sufficiently  great  the  ware  will  be  spoiled.  I'he  engobe  and  glaze 
being  very  thin,  relative  to  the  body,  the  effects  of  irregular  contraction  are  most 
observable  in  them,  with  the  result  that  a  large  variety  of  defects  crat'king,  peeling, 
formation  of  a  wavy  surface,  etc. ---are  produced  in  the  glaze. 

The  dilTerenceii  in  the  ajefficicnls  t)f  contraction  of  the  hotly,  engobe,  and  gla/.e  are  usually  very 
minute,  and  it  retiuires  special  triuning  and  skill  to  meiiHurc  them. 

The  raw  materials  used  in  the  manufacture  of  earthenware  may  be  arranged 
in  five  groups Clays;  (ii.)  Fluxes  or  glass-forming  materials;  (iii.)  Refractory 
or  heat-resisting  materials ;  (iv.)  Diluents^  and  (v.)  Colouring  materials. 

The  clays  used  for  earthenware  differ  greatly  in  character,’  according  to  the 
purposes  for  which  the  ware  is  employed*  For  the  coarsest  ware  a  very  low  grade 
clay  or  brick-earth  may  be  used,  out  for  the  finer  table  ware  the  clays  employed 
must  be  carefully  selected,  and  must  be  free  from  all  impurities  which  would 
materially  affect  their  colour  when  burned.  Intermediate  between  these  two  types 
of  ware  is  a  large  number  of  others  for  which  a  correspondingly  large  variety  of 
clays  may  be  employed. 

In  order,  bcjwever,  to  keep  the  Mul>ject  within  limits  .suitable  to  the  present  volume,  the  nature 
of  the  clays  used  for  the  coarser  earthenware  are  described  under  Sanitary  Ware  (j).  193), 
Bricks  (p.  199),  and  Tiles  (p.  ps),  the  present  section  being  limited  to  the  manufacture  of 
tal)le  and  dect>nuivc  eartljcnware,  in  winch  only  su()crior  days  arc  used. 

llie  Mue  or  imil  days  which  occur  in  the  tertiary  deposits  of  Devonshire  and 
Dorsetshire  form  the  basis  of  the  finer  English  earthenware. 

These  clays  vary  from  a  liglit  bluish-grey  colour  t(j  brenvn  or  black  when  first  mined,  the  colour 
being  due  tcj  organic  nmiter.  l*hey  are  peculiarly  plastic,  unctuous  to  the  touch,  and  the  better 
qualitiefi  are  cplite  free  fiom  all  gritty  nuiUer.  These  clays  occur  in  the  foin\  of  an  exceedingly  htifl 
paste  which  is  very  difficult  to  cut,  atid  they  are,  therefore*,  cpiiirrie<i  or  mined  by  a  slow  process  of 
band-digging,  in  which  great  preemuions  arepken  t«»  fjreveiit  <Urt  getting  into  the  clay.  Clonsider- 
aide  variations  occur  in  the  nature  composition  of  the  ball  clays  from  each  cpiarry  or  pit,  and  it  is 
therefore  necessary,  when  purchasing,  tt)  state  the  purpose  for  which  the  day  is  reepured.  ^  Other¬ 
wise,  a  day  may  be  supplied  which  in  only  fit  for  the  manufacture  of  common  ware  <>r  drain-pipes. 
The  firms  supplying  ball  day  can  usually  Ik?  relied  u|Km  tt*  make  the  necessary  selection  with  great 
care. 
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When  heated  to  dull  redness,  a  suitable  quality  of  ball  clay  will  become  white 
and  very  porous,  but  when  heated  to  a  temperature  of  i,ioo°  C.  or  over  its  colour 
changes  to  yellow,  sufficient  fusion  occurs  to  entirely  fill  the  pores,  and  the  mass, 
when  cold,  is  so  hard  that  only  the  hardest  steel  will  scratch  it.  This  yellow  tint 
is  detrimental  to  the  colour  of  the  finished  ware,  and  though  it  is  weakened  by  the 
other  substances  comprising  the  body  of  the  ware,  it  is  usually  necessary  to  add  a 
little  cobalt  oxide,  the  blue  colour  of  which  optically  neutralises  the  undesirable  tint 
of  the  clay. 

The  chemical  composition  of  ball  clays  as  shown  by  analyses  gives  very  little  idea  as  to  their 
value  for  earthenware,  as  a  percentage  of  impurity  so  small  as  to  be  scarcely  recognisable  on  analysis 
will,  in  some  cases,  render  a  clay  quite  useless.  The  following  figures  are,  however,  typical  of  this 
kind  of  clay  : — 


Blue 

Ball  Clay 
(Warehg.m). 

Blue 

Ball  Clay 
(Newton  Abbot). 

Black 

Ball  Clay 
(Dorset). 

Silica  .  .  .  -  - 

48.99 

47.00 

52.23 

Alumina  ----- 

33-75 

38.00 

28.25 

Lime  -  .  -  .  - 

0.43 

1.50 

1.30 

Magnesia  ----- 

0.22 

0.50 

0.25 

Potash  and  soda  -  -  -  - 

3-31 

1.23 

Iron  oxide  -  -  .  - 

1-34 

1.50 

2,54 

Water  and  loss  on  ignition 

11.96 

11.50 

14.20 

100.00 

100.00 

100.00 

Commercial  ball  clays  usually  contain  about  18-20  per  cent,  of  water  in  the  form 
of  absorbed  moisture,  and  an  additional  12  or  13  per  cent,  of  water  is  evolved  when 
the  clay  is  heated  in  a  kiln.  This  latter  water  appears  to  form  a  part  of  the  clay 
molecule  and,  on  its  separation,  the  clay  loses  its  plasticity  and  other  distinguishing 
properties.  In  consequence  of  the  loss  of  these  portions  of  water,  all  clays  shrink 
when  heated. 

The  chief  purpose  of  ball  clay  in  earthenware  is  to  form  the  bulk  of  the  body,  any  defects  in 
the  clay  being  corrected  by  the  addition  of  other  substances.  Thus,  flint  increases  the  whiteness 
of  the  material,  but  reduces  its  plasticity,  and  it  is,  therefore,  necessary  to  add  a  white  clay  such  as 
china  clay,  if  large  proportions  of  flint  are  used.  Ball  clays  are  so  highly  plastic  that  they  will 
stand  the  addition  of  very  large  amounts  of  non-plastic  material  such  as  flint  and  Cornish  stone. 
Further  information  on  clays  will  be  found  on  pp.  139-150. 

China  clays  or  kaolins  of  good  quality  are  quite  white  when  burned,  and  they 
are,  therefore,  added  to  ball  clays  to  counteract  the  yellow  tinge  of  the  latter, 
and  also  to  decrease  the  plasticity.  China  clays  are  the  essential  constituent  of 
porcelains,  and  are  therefore  described  more  fully  on  pp.  145,  183. 

If  china  clay  enters  largely  into  the  composition  of  a  piece  of  earthenware,  the  latter  will  have 
a  more  refractory  and  stronger  body  than  would  otherwise  be  the  case,  and  it  would.be  less  affected 
by  sudden  changes  in  temperature.  Hence  it  is  a  useful  constituent  of  such  ware  in  spite  of  its 
peculiar  characteristics. 

Buff-burning  clays  occurring  near  to  the  works  are  sometimes  added  to  the 
body  mixture  when  an  inferior  grade  of  earthenware  is  being  made.  They  serve 
as  an  inferior  substitute  for  the  ball  clay,  and  usually  lower  the  value  of  the  ware  in 
which  they  are  used. 

Red-burning  clays  used  for  coarse  4)0ttery  are  closely  related  to  the  brick  and 
terra-cotta  clays  (Sections  LXIX.  and  LXXL). 

Fluxes  or  Glass-Forming  Materials.—In  order  that  the  particles  may  be 
strong  when  the  ware  is  drawn  from  the  kiln  it  is  necessary  that  a  certain  amount 
of  fusion  should  have  occurred,  as  the  fused  matter,  on  cooling,  forms  a  kind  of 
matrix  or  cement. 
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When  earthenware  is  made  of  materials  deficient  in  flux,  the  ware  will  be  unduly  weak  and 
porous,  and  will  not  “ring”  properly  when  struck,  as  its  particles  will  not  be  sufficiently  well 
bonded  together.  Many  clays  contain  materials  of  a  sufficiently  fusible  nature  (see  Stoneware), 
but  in  the  manufacture  of  the  better  qualities  of  earthenware  it  is  usually  necessary  to  add  such  a 
substance,  which  is  then  termed  a  flux. 


In  the  production  of  glazes,  fluxes  play  a  highly  important  part  as  they  form 
the  chidf  constituents  of  all  glazes  and  glasses.  The  chief  characteristics  of  a 
glaze  are  that  it  must  melt  completely  to  a  glassy  mass  free  from  air-  and  gas- 
bubbles,  and  that  it  must  have  sufficient  fluidity  to  allow  these  bubbles  to  escape, 
and  to  permit  the  glaze  to  flow  uniformly  without  an  excessively  high  temperature 
being  reached  in  the  kiln.  To  meet  these  requirements,  it  is  usually  necessary  to 
use  a  large  proportion  of  flux  in  the  preparation  of  a  glaze. 

Fluxes  are  of  two  kinds  :  (a)  those  which  are,  in  themselves,  fusible,  as  glass. 
Cornish  stone,  and  felspar ;  and  (1)  those  which  are  only  fusible  in  the  presence  of 
certain  other  materials  with  which  they  combine. 

Lime  is  typical  of  this  second  kind  of  flux  for,  alone,  it  is  practically  infusible,  yet  when  mixed 
with  clay  it  forms  a  readily  fusible  material.  The  chief  “  impurities  ”  in  clay,  and  most  metallic 
oxides  and  carbonates,  are  of  this  nature. 


Cornish  stone  is  a  granitic  rock,  occurring  chiefly  in  Cornwall,  which  is  rich  in 
felspathic  material  of  a  sufficiently  fusible  nature  to  make  it  the  best  flux  for  the 
earthenware  manufacturer.  Its  composition  resembles  a  mixture  of  orthoclase 
felspar  and  a  highly  siliceous  clay,  but  artificially  prepared  mixtures  of  these 
materials  cannot  be  satisfactorily  substituted  for  Cornish  stone  in  pottery  manu¬ 
facture.  In  addition  to  this,  Cornish  stone  is  somewhat  softer  than  felspar,  and 
can  be  ground  at  rather  less  cost. 


Typical  Cornish  stone  shows  on  analysis — 
Potash 
Lime 
Alumina 
Silica 


6  per  cent. 
I 

i8 

75 


The  mineral  varies  so  greatly  in  composition  that  no  single  analysis  adequately  represents  it. 
The  best  method  of  comparing  different  samples  is  to  note  their  colour  when  fired  in  a  potter’s  kiln, 
and  also  their  fusing  points  and  relative  hardness  or  resistance  to  crushing. 


When  heated  alone,  Cornish  stone  does  not  fuse  sufficiently  to  lose  its  shape  at 
temperatures  below  1,300°  C.,  but  when  it  forms  part  of  a  body-mixture  it  appears 
to  fuse  at  about  1,100*  C. 

Jersey  stone  and  pegmatite  are  other  felspathic  rocks  similar  t6,  but  not  identical 
with,  Cornish  stone. 

Felspar  is  the  name  given  to  a  number  of  alumino-silicates  of  well-defined 
crystalline  form  and  composition  which  occur  in  the  older  rocks.  The  felspar 
chiefly  used  by  potters  is  that  known  as  orthoclase,  which  is  a  potash  alumino¬ 
silicate  containing  about  r6  per  cent,  of  potash,  18  per  cent  of  alumina,  and  65 
per  cent  of  silica. 

Calcium,  sodium  and  other  alumino-silicates  of  a  similar  composition  are  less  fusible  than 
orthoclase  and  are,  therefore,  of  less  value. 

Felspar  occurs  chiefly  in  granitic  regions ;  that  used  by  British  potters  is  largely 
imported  from  Norway. 

On  prolonged  heating,  at  a  temperature  of  about  1,310°  C.,  potash  felspar 
(orthoclase)  melts,  but  does  not  form  a  clear  transparent  glass  unless  heated  to  a 
higher  temperature,  or  it  is  mixed  with  another  substance  which  can  lower  its 
melting  point.  When  used  in  a  glaze,  felspar  gives  “  depth  of  tone  ’’  and  brilliancy, 
but  it  is  only  used  to  a  small  extent  in  the  manufacture  of  earthenware.  The 
colour  of  felspar  varies  from  green  to  yellow,  but  the  material  usually  preferred  by 
potters  is  a  pale  yellowish  brown  or  buff. 

Glass  is  not  much  used  as  a  flux  in  earthenware  manufacture,  but  a  little  glass 
is  sometimes  employed  for  this  purpose  in  glazes.  Its  composition  is  usually 
irregular  and  its  employment  inadvisable. 
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Frits  are  specially  prepared  glasses  made  by  fusing  together  various  constituents 
of  a  glaze  (usually  the  alkali  oxides  or  carbonates  and  some  form  of  silica  or  clay) 
so  as  to  form  an  insoluble  and  readily  fusible  glass. 

The  use  of  soluble  substances  in  an  unfritted  state  in  a  glaze  greatly  complicates  the  application 
of  the  latter.  Many  glaze  recipes  contain  the  direction  to  use  a  stated  quantity  of  “  frit  unless 
the  composition  of  this  frit  is  stated  in  the  recipe  it  will  be  impossible  10  follow  the  directions  as 
there  are  hundreds  of  different  frits  (see  p.  178). 

Borax^  or  sodium  borate  (Vol.  I.,  p.  355),  is  an  important  source  of  soda,  but  all 
soda  and  potash  compounds  have  the  serious  disadvantage  of  needing  to  be  fritted 
or  fused  with  other  materials  in  order  to  make  them  insoluble  before  they  can  be 
used.  When  heated  alone,  borax  fuses  to  a  clear  glass,  but  as  this  is  soluble 
it  cannot  usually  be  employed  unless  it  is  combined  with  silica. 

Borax  is  an  exceedingly  valuable  material  for  reducing  the  melting  point  of  a  glaze  and  for 
increasing  fluidity  and  brilliance,  so  that  it  is  used  extensively  in  earthenware  glazes.  It  should  be 
free  from  iron  and  aluminium  compounds  and  from  common  salt,  and,  like  all  the  raw  materials 
used  in  earthenware  and  porcelain  manufacture,  it  should  be  tested  before  use.  On  heating,  borax  . 
loses  nearly  34  per  cent,  of  its  weight  of  water. 

Tincal — an  impure  form  of  borax — is  now  seldom  used.  Commercial  borax  is 
much  purer,  more  uniform  in  composition,  and  is  in  every  way  preferable. 

Of  the  second  kind  of  fluxes  (p.  161)  lime^  7?iagnesia,  potash^  soda  and  other 
metallic  oxides  are  used  so  seldom  as  body-fluxes  in  earthenware  that  for  this 
purpose  they  may  be  neglected. 

It  is,  however,  necessary  to  remember  that  they  occur  in  all  clays  and  that  their  influence  is 
often  sufficiently  great  to  make  a  considerable  difference  in  the  quality  of  the  ware  unless  the  clays 
are  specially  carefully  selected. 

In  the  manufacture  of  glazes  for  earthenware,  soda  ash  and  pearl  ash  (sodium 
and  potassium  carbonates)  are  largely  used. 

Whitings  or  calcium  carbonate,  is  the  form  in  which  lime  is  usually  introduced 
into  a  glaze.  It  is  converted  into  quicklime  on  heating  to  about  750**  C.,  but  has 
the  advantage  over  the  latter  of  being  insoluble  in  water. 

Alone  it  is  infusible,  but  when  mixed  with  suitable  proportions  of  clay,  silica,  alumina  and 
most  silicates,  it  enters  into  combination  and  produces  a  fusible  mass. 

Its  special  function  in  a  glaze  is  to  reduce  the  fusing  point,  and  to  increase  the  durability  and 
clearness. 

For  some  of  the  cruder  forms  of  earthenware  a  marl  (or  natural  mixture  of  clay  and  chalk)  is 
used  as  a  flux.  It  cannot  be  employed  for  fine  earthenware  on  account  of  the  iron  compounds 
present  in  all  marls. 

Plaster  of  Paris  (calcium  sulphate)  (Vol.  I.,  p.  345,  also  this  Vol.,  p.  113)  is 
sometimes  used  as  a  means  of  introducing  lime,  but  cannot  be  recommended,  as 
the  presence  of  sulphates  is  a  serious  disadvantage. 

Baryta  (Vol.  I.,  p.  351)  is  sometimes  added  to  glazes  to  increase  their  brilliance. 

It  replaces  lead  whose  action  it  resembles. 

Magnesia  and  magnesium  carbonate  are  used  by  some  potters.  They  resemble 
the  corresponding  lime  compounds  in  their  action. 

Soda  is  preferably  used  in  the  form  of  sodium  carbonate.  The  sulphate  may 
be  used,  but  as  sulphates  are  undesirable  in  glazes  they  should  seldom,  if  ever,  be 
employed. 

Common  salt  is  occasionally  used,  but  is  troublesome  as  it  decrepitates  when  heated.  All  soda 
compounds  (except  soda  felspar)  must  be  fritted  before  use  to  render  them  insoluble. 

Potash^  or  pearl  ash,  is  similar  in  many  ways  to  soda,  but  generally  behaves  with 
^j^er  power  notwithstanding  its  greater  molecular  weight.  It  is  best  used  in  the 
t^^of  potassium  carbonate,  as  the  less  pure  form  (pearl  ash)  sometimes  introduces 
%;rge  a  proportion  of  iron  into  the  glaze  and  stains  it  an  unpleasant  yellow. 

Flash  compounds  must  usually  be  fritted  to  render  them  insoluble  but,  where  the  nature  of  the 
StronP^^^^ks,  this  fritting  may  be  avoided  by  the  use  of  potash  felspar  (orthoclase). 

^Boracic  actd  may  be  used  as  a  substitute  for  silica  when  glazes  of  a  very  low 
i^elting  point  are  required. 
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Some  potters  prefer  a  fritted  mixture  of  boracic  acid  and  soda  to  the  use  of  borax,  though  the 
reason  for  this  is  difficult  to  explain.  It  is  probably  due  to  the  fact  that  a  mixture  of  potash,  soda, 
and  lime,  or  any  two  of  these,  has  a  greater  fluxing  effect  than  the  same  weight  of  soda. 

Lead  compounds  are  invaluable  fluxes,  as  they  combine  with  silica  and  various 
alumino-silicates  to  form  a  very  large  number  of  glazes  with  a  wide  range  of 
fusibility. 

White  lead^  or  basic  lead  carbonate,  is  one  of  the  most  useful  fluxes  known  to 
the  potter,  as  it  gives  a  transparent  glaze  at  a  low  temperature,  and  the  lead 
compound  is  insoluble  in  water. 

Litharge^  or  monoxide  of  lead,  is  also  used  as  a  flux  and  has  similar  properties, 
but  being  less  bulky  it  is  not  quite  so  satisfactory. 

Red  lead^  or  minium,  is  a  brilliant  red  powder  consisting  of  tri-plumbic  tetroxide. 
It  fuses  at  a  slightly  lower  temperature  than  white  lead,  but  is  more  dense  and  is 
considered  to  give  a  yellowish  tinge  to  the  glaze. 

Galena^  or  plumbic  sulphide,  is  only  used  in  glazing  coarse  earthenware  as  the 
sulphur  and  other  impurities  in  this  ore  prevent  its  employment  in  fine  glazes. 
It  is  the  only  lead  compound  which  is  excluded  from  the  provisions  of  the  Factory 
Acts  for  Potteries.  This  exclusion  is  due  to  the  great  insolubility  of  galena,  which 
renders  it  practically  non-poisonous. 

With  this  exception,  all  the  lead  compounds  used  by  potters  are  insidious  poisons,  which  are 
all  the  more  dangerous  because  their  action  is  so  slow  and  cumulative.  Many  attempts  have  been 
made  to  avoid  the  use  of  lead  compounds,  but  for  the  majority  of  earthenware  goods  no  adequate 
substitute  has  yet  been  found. 

Refractory  substances  used  in  the  manufacture  of  earthenware  bodies  are 
usually  represented  by  flint.  This  is  a  concretionary  form  of  silica  which  occurs 
in  the  Chalk  formation,  and  consists  of  almost  pure  silica.  Such  substances  must 
be  able  to  withstand  the  heat  in  all  parts  of  the  kiln  without  appreciable  fusion ; 
they  must  be  perfectly  white  after  the  burning  of  the  ware,  and  must  be  used  in 
grains  of  sufficiently  small  size  not  to  disturb  the  uniformity  of  the  composition 
of  the  body. 

Calcined flint  is  prepared  by  heating  the  flints  found  in  the  Chalk  formation  to  redness,  quenching 
them  suddenly  in  cold  water,  and  afterwards  grinding  the  product  to  an  exceedingly  fine  powder. 
Flints  from  near  Dieppe  are  deemed  of  special  value  for  pottery.  Calcined  flint  has  a  composition 
equivalent  to  that  of  pure  silica  with  about  5  per  cent,  of  lime  and  i  per  cent,  of  other  impurities. 

Crog  or  calcined  clay  is  occasionally  used  for  the  same  purposes  as  flint,  but  as  it  is  of  the 
same  colour  as  the  clays  used  in  the  body,  it  does  not  aid  in  whitening  the  mixture  like  a 
good  quality  of  flint.  ♦ 

Scmd^  if  sufficiently  fine  and  pure,  may  be  used  as  a  substitute  for  flint  as  may  also  Geyserite 
and  Kieselguhr;  it  however,  very  difficult  to  get  these  materials  in  a  high  state  of  purity 
and  fineness. 

Diluents  are  substances  which  are  used  on  account  of  their  cheapness.  They 
are  not  employed  extensively  at  the  present  time,  but  may  be  so  in  the  near  future 
on  account  of  the  increased  cost  of  the  raw  materials  now  commonly  used.  Such 
diluents  consist  of  cheaper  varieties  of  clay,  the  substitution  of  some  other  form  of 
silica  for  flint,  or  the  replacement  of  some  ball  clay  and  flint  by  a  leaner  clay. 

Colouring  Materials. — These  are  usually  metallic  oxides  or  glasses  made 
from  them,  and  are  known  in  the  trade  as  stains.  They  may  be  {a)  mixed  with 
the  body  of  which  the  articles  are  made,  or  ip)  with  a  specially  prepared  body 
or  engobe  with  which  the  articles  are  covered,  or  (c)  they  may  be  applied  direct 
to  the  surface  of  the  article  as  in  underglaze  decoration,  or  (d)  mixed  with  the 
glaze,  or  (e)  applied  to  the  glazed  article  as  in  overglaze  decoration.  On  some 
articles  the  colours  are  applied  in  two  or  more  of  these  ways  in  order  to  produce 
special  decorative  effects. 

The  original  colour  of  the  “stain’’  gives  little  or  no  indication  of  its  appearance 
when  the  decorated  articles  are  withdrawn  from  the  kiln,  as  the  colour  is  due  to 
chemical  changes  which  occur  during  the  heating  of  the  ware. 
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The  number  of  different  stains  on  the  market  is  exceedingly  large  and  few  potters  now  manufacture 
their  own  stains.  In  the  majority  of  cases,  the  stains  purchased  are  mixtures  of  the  colouring  oxide 
with  a  diluent  or  some  material  to  effect  a  desired  modification  of  the  tint.  Thus,  the  addition 
of  zinc  oxide  or  alumina  to  cobalt  oxide  affects  the  colour  of  the  latter  far  more  than  if  it  were 
merely  a  diluent.  In  each  case,  however,  the  essential  ingredient  of  a  colour  or  stain  is  a  metallic 
oxide,  such  as  one  or  more  of  the  following  ; — 

Cobalt  oxide  gives  a  strong  blue  colour.  A  very  small  proportion  of  cobalt 
oxide  added  to  an  earthenware  body  will  counteract  the  tendency  to  yellowness, 
and  will  make  the  ware  whiter.  The  use  of  cobalt  oxide  for  this  purpose  is  precisely 
similar  to  that  of  powder  blue  by  the  ordinary  laundress  in  washing  household  linen, 
etc.  Its  action  is  purely  optical  and  depends  on  the  neutralising  power  of  the  blue 
and  yellow  colours  on  each  other. 

In  large  proportions — up  to  4  per  cent. — cobalt  oxide  colours  both  bodies  and  glazes  a  brilliant 
blue,  the  tone  of  which  is  made  lighter  and  richer  by  the  addition  of  zinc  oxide  or  alumina.  Cobalt 
blues  are  used  so  extensively  in  pottery  manufacture  that  many  special  preparations  of  it  are  sold 
for  the  production  of  definite  shades  such  as  “  willow  blue,”  “  mazarine  blue,”  “ultramarine  blue,” 
“celeste,”  “sky  blue,”  etc. 

Cupric  oxide  is  a  black  powder  used  for  the  production  of  blues  and  reds,  and 
is  usually  added  to  the  glaze  or  to  an  engobe  of  a  glaze-like  nature.  In  neutral 
or  acid  glazes  and  an  oxidising  atmosphere,  cupric  oxide  gives  green  colours,  but 
in  glazes  rich  in  alkali  various  shades  of  turquoise  blue  are  produced. 

Under  reducing  conditions  and  with  alkaline  glazes,  it  forms  brilliant  reds 
which  are  usually  attributed  to  free  cuprous  oxide,  but  are  more  probably  a  highly 
complex  copper-sodium  alumino- silicate  with  some  metallic  copper.  This  is  the 
source  of  the  colours  known  as  rouge  flamhe^  aventurine  and  sang  de  bceuf. 

Iron  oxide,  as  used  by  potters,  is  a  reddish  powder  of  variable  composition  which, 
when  added  to  a  white  body  and  fired,  usually  produces  a  reddish-brown  or 
yellow  colour,  but  if  there  is  a  shortage  of  air  in  the  kiln,  greenish  blue,  dark  grey, 
or  an  imperfect  black  may  be  produced. 

There  appears  to  be  an  unlimited  number  of  hydrated  ferric  oxides,  the  composilion,  texture, 
size  of  grains,  and  behaviour  of  which  depend  on  the  manner  in  which  they  have  been  prepared. 
Crocus  viariis,  ochre,  sienna,  rouge  and  other  iron  colours  are  of  this  nature. 

If  the  equivalent  of  about  5  per  cent,  of  iron  oxide  is  present,  the  ware  may  be  a  good  terra-cotta 
red,  a  much  smaller  proportion  producing  a  dirty  yellow  or  buff  tint.  It  has  been  repeatedly 
shown,  however,  that  the  proportion  of  iron  oxide  ascertained  by  analysis  bears  no  definite  relation¬ 
ship  to  the  intensity  of  the  colour,  and  there  are  good  reasons  for  supposing  that  the  best  terra-cotta 
clays  do  not  contain  free  iron  oxide,  but  some  complex  compound  such  as  nontronite,  which  is 
decomposed  on  heating,  ferric  oxide  being  then  set  free.  The  size  of  the  particles  of  iron  oxide  also 
has  a  great  influence  on  the  resulting  colour. 

In  the  presence  of  lime,  the  red  colour  ordinarily  produced  by  iron  compounds  is  destroyed, 
but  if  the  ware  is  heated  almost  to  fusing  point  it  becomes  a  pale  “  bottle-green.” 

The  range  of  colours  produced  in  earthenware  bodies  by  iron  compounds  is  very  great,  but  great 
accuracy  of  tint  is  almost  impossible  to  obtain.  There  is  room  for  much  further  research  in  this 
direction. 

When  added  to  glazes,  the  behaviour  of  iron  oxide  is  quite  different  from  that 
just  described.  At  temperatures  below  1,000°  C.  a  reddish-brown  glaze  is  formed 
which,  with  slight  reducing  conditions,  may  become  purple  or  black  owing  to  the 
production  of  complex  ferrous  alumino-silicates.  At  higher  temperatures  it  forms 
brown  glazes,  the  colour  of  which  is  apt  to  be  irregular,  but  can  be  made  more 
stable  by  the  introduction  of  manganese  and  certain  other  oxides.  With  plumbi- 
ferous  glazes  iron  oxide  tends  to  form  various  yellow  colours,  but  becomes  green  in 
the  presence  of  an  alkaline  glaze. 

Chromic  oxide  is  chiefly  added  to  the  glaze,  as  with  bodies  the  effects  produced 
are  less  pleasing.  When  burned  in  a  kiln  with  an  ample  supply  of  air,  alkaline  or 
simple  plumbiferous  glazes  containing  chromic  oxide  become  intensely  yellow,  but 
if  both  alkali  and  lead  are  present  an  orange  glaze  is  produced.  If,  as  is  usual  in 
the  hotter  parts  of  the  kiln,  the  conditions  are  reducing,  chromic  oxide  forms 
beautiful  green  glazes  which  are  very  popular;  the  simultaneous  use  of  chromic 
oxide,  cobalt  and  copper  enabling  a  large  range  of  shades  to  be  produced. 
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*4  ir4tr-iis  |)|5r!irrfttr«»  ftiakf  llir  Irittfig  nf  I4W  fitAtriish  4  Irflnnr-  li‘*£  afiil  i»iir 

wtiifli  iMitiwilv  tail  sfiiall  friiitii  tnf  ilir  blfttiit  VrI  tlii%  h  |trfi%rly  ntir  nf 

llir  rliirf  irAsiar-i  wlif  lr%i4fi|i  dnatlfl  hr  s^sirnialirally  tiifftril  niili  fiti  ill  lift  tilltrr  way  fill 
is|iir%  hr  *f%rf***ftir  mt  fradlly  nf  |  fii44r  ifl  ihr  twliwlfl* 

r'.ni|‘#iii*tivriy  %4fifcltrifw  in  ll;r  taw  fiiafrnitls  trtrti  atr  ffrt|iirnily  llir  isitisf  of  \rtf 

sfiitmi  lirtsrs*  m  1I14I  «f  ail  1,1  w  itiAlriiik  h  Atnfiltilrly  r%%rRtkl  In  Mircrss,  if 

4  wntks  w  In  Ir  writ  i>ii  iralli 

Earthenware  Bodies.  ‘l'h«*  IwHly  of  earthenware  ariirlfs  is  (ireimretl  hy 
mixing  tw«  wt  imirr  r!.ty«  with  sufticient  glass-fnrmiiig  mati  rial,  or  tiux,  t«  form  a 
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material  which,  when  burncil,  will  have  a  sut'ficifjillj  tmtuu.  a  ,;,t,.,l  im,;, 

and  will  possess  the  usual  characteriHt»-»  »>f  l  auheiswat*-. 

The  kind  of  clays  selected  for  ihis  tu)itn.wlmvr  h,  en  ,1.  u  .-.i  ,  s,  j  ;  i  , t>  . ;  il,.-  ji  .. 

pp.  i6o«i63.  It  is  usually  nccei-mry  t»»  a  i%*ij pv  i'  'iii  ’i*  i  l  ^  'a/?!  t  ji 

■material  (such  as  flint)  to  mhire  the  wlitif}  ii?,  >  ;4  v  I  ^ 

produce  as  white  ii  ware  an  Any  irip|rii»v  ?<•  s  T  ,♦  n%A\  *.4 

addition  of  a  suitable  preparatirui  of  cobiili. 

The  proportions  of  the  diUVreiil  iimirrLil**  iBn!  itillrr  t  iiii»ifilrr.ilil|  iti  ilnlrfriii 
works  and  according  to  the  kind  of  eartliriiwarr  ir«|iiifrt|.  In  ^||  u-ir**,  ihr  hili 
day  is  the  chief  ingredient,  iiiid  iiHiuilly  furiii**  altii^wt  li.ili  liie  ^4  ili»-  tm 

materials  used.  The  fkimt  day  adclrd  tfirrr»i.*ir^’4  iln*  i#l  ilir  mMr  muI 

reduces  shrinkage  and  liability  to  frarliirr  iiiiclii  siiddrii  t  haiigr*#  nf  iriii|tri4itirr 
The  amount  usually  present  k  iiboiii  tialC  tii.ii  of  liie  twit  tf.ty,  but  i-<|ii4l  .4 
each  are  sometimes  used.  The  liirger  the  iirojKiiiimi  of  1  bi|  ihr  nlnirf  jiiti 

better  will  be  the  ware.  Fimim  added  in  r*|ii4l  ii»»  mi  f4iliri 

than,  that  of  the  china  day,  and  OritM  l«  atititii  li*i!i  1I1.11  ni  fli4  ihm  A 
typical  earthenware  is  therefore  ronijitm’d  of  ■ 


Hall  day 

pi  |i*-|  1  rii 

C/hina  day 

I 

Flint 

i 

(lornish  stutu* 

i  ti  ,  Ji 

I  ti/i 

4  4  I 

t!.’' 


Recipes  for  earthenware  hitlw*.  4fr  i  1  "4,.-  ,  <  ^  ^  r 

the  manufiictwre  of  etch  khul  «*f  W4ir»  pi  ilmt  r44i  f  «  <  -  tp  '/if 

mixtures  to  suit  his  wiiilfrniriilp 

In  practice,  the  nmterkk  itre  mil  wrighrif  mti,  tmi  mr 
state  by  mixing  them  with  want,  ihr  rr^iiiirtl  ^liunuufH  flu- 

prodliml  Ireilif,  llirii  tiirj'jiiirii  '41  itdrf 

iiiixtiiii* 

Tim  MiMmfmmi  'to  Wi 

whit  lir  fAW'ird  li%’  mi  ili»*  *4  in  \hs 

llillefrtll  Ais4  ibf*  ||4'4  r%„*4i|»  i4  iniliiiisg  lli-r 

IMirlioii  til  with  wpiiti  iir  *r4  ij  |i*f  Ii 

A%  il  m  r^'ipnilwl  Itir  «:riftl|#niliiitl  #4  ihr  Iwimk 

ditiiiltl  m  iiiiifiiritt  i4%  all  llif*  f4« 

til'  ill  an  liiir  %|.*iir  f4  |lir 

jmrlide%  ifir  ate*,  iMiiifnlly,  w*  tiitall  ih*it 

no  milling  ftrrrs%tri4  Imi  tlir  iifii 
ami  illy  nlttrr  Iii4frfi4l',  tiw4,  hr  ^rmml  m  tmili 
kept  itxrliitifdy  lor  iln*^ 

Ill  lllf  l^ilirtir^  Ihi-I  gtilpliffil  cif  iimmmh  |i  4 

tMflf  l»f  UwMn  Itlf  *it|  pblftg  llilH  #ii4  t  mnnrn  sli 

tht  ffiriit  «#f  i  f|i|*  »if  ^tiifli  rmh  |of;i  i#  •«#  f 

Whefi  lW«  Is  lilt  i‘4if  ilictr  »!i|w  *1^*  iimI  ..i 

air  titfti  ttt  little  tiiiiil  mimtt.l 

l^ch  raw  material,  with^a  iiiitalilr  nuaniiif  til  m  iijn 

and  dischaiiged  into  a  wtikd  lank  twnrd  a  il*i^  #i  rin,  r>i4'  lanr  n 

fitted  with  ajertical  ihtft  carrying  horktinmi  hMr%  mlmh,  tonini  tb-t  4 
thorough  ^ mixing  of  the  matrriili  tittl  watrr,  ami  ptmlmt  a  I  4.^ 

then  run  into  a  storage  tank  or  iiiio  a  iiiiiing  Mtk, 

attempt  to  ifitm  aacl  Mw  tlwm  mmh  riirwlifi#  *  ^  * 


Fia,  I.— *Wet  Cirlftclittf 
Mill 

Mmm  r,  C#4 
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I  hf  hkiiigrt!  iiitileriat  isuinI  be  lisleil  as  Ui  its  specific  gnuily,  llus  is  usually 
cltiue  by  nirastiriiig  titii  cxatily  mu*  piiu  of  the  slip  and  weighing  it  acTunitely,  It 
K  iinportani  nut  lt»  have  uio  dense  11  slip  as  it  will  tend  In  srlik*  Icm^  rapidly  ;  tcjn 
watery  a  \lip^  un  tht^  ciiiirary,  will  iitil  mix  readily  w  ih  otlu^r  slips. 


Tilt  fiiildtiiig  ltii%r  k-rli  feMlid  hf  r%iwt$mwe  In  fir  tiii*  iiiMa  ijrfifrilly  •»tiil4l4i*  .*  »- 


liiill  i*|4t  •■Jifi*  wri|*liiii|| 
rii«i4  ri'iy 

t  sifiiiili  tirtiir  wrigliiiig 
Hill!  mri||i||tfg  * 


3 1  **#*  prr  piiil, 

wU  It 

|i 

J  3  » «  I  $ 


ll  I*  fflirMlIy  4r%4iiti!f  |.t  l#itifi||r  llir  !•*  a  di|»  »it  grr*tifr  fPieaiy  lliMi  llptw 

gitrii*  rtRfl  til  m%*kt  ilw  iitml  44|iinitirtii  l»f  mMn  »ii4  agAiii  I4i4ftgiiig  l»»r  4  Irw 

fr|»*4lr4  fh^  4riifr4  **  wriglii  |irf  piiit  “  it  iilarfllinl  lltildl  *ir|irfp|'^ 

f#fl  ilir  tlrliiiyi  rtf  tiff*  %Hf*  4*  iteiwfl,  gfr^l  4  4fr  %lieiil»l  Iw-  ut-rfi  iii  thi%  ill 
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The  various  slips,  in  suilahle  |irt>piirlit»ii‘n  ,iit*  tu  \i  lufi  yiin  .1  nimiiu  41k, 
light  blunger,  the  (|iu«uity  of  eaeli  hnng  iii  iii«  hr%  nf  i|r|-,!li 

slip  in  the  ark. 

As  the  sides  of  tlir  mI  vrili.  .tl,  if  i*.  %  .hour,  hir  ^54.  i-ll.h  1 

he  propt)rtioiml  to  their  drplli  its  and  a  laffi  tsMil.  a  .0  0:4;  ,  d  ^n.siirr,,-  i 

the  latter  will  serve  to  mrastire  tli«^  luih  viiiii.  lofi!  ^  .  '.i?.;.,.  1 


The  order  in  whielt  the  variuipi  -dtp^  ate  ir.is  th^'  .iik  t  ‘  *110  *ihj  4.1!^.  i- 

the  most  satisfartory  ordei  h  lull  rlav  elnn.t  f  1 14  fl-ni,  uh  ?  .  01  4  a  i  it  '  »  m| 
of  body  which  havt*  beem  tiliiiigcd  up  iiiIh  ’dip  4.  **  i*!4s  i!,  f  4r  enf 

this  is  frctpiently  clone  as  il  apfieai'N  to  la^cLih  iiofko!.  -f  tlir  4  ♦,|i  e,4  i 

increase  its  plastk*ity. 

The  variouH  nuiteruils  are  now  isiKiit  ‘-tltM  to,  ih.  *.4i4r-i  4-,  4i 

mixing  ark- . which  reiemhlcH  a  tiltiiign  ind  tiL.  0  a  no'Ooj  ,  |,  0%  ; 

is  pumped  on  Uj  sieves  litnieit  IdUHh.  1  la  n  ,e  idt  *  lu.  .  i  !  1 ^  ^  te*  tao.  /.i 

w’ooden  trays,  the  boliotiiH  tif  wlikli  .ir-o  liuelr  .A  «>i  |d  ,,,  '  i  1  ^  ^ 

Three  lirwio  are  cmiploynl,  **iii  ahovr  ili^  .al.  54*,  ,  I 

meshes  are  thtwe  known  as  atnl  |S  '.,4  Or  .  i_  ?>  j.r 

omitted.  In  order  to  memrnr  liir  jpnd  *4  '4lf4a:,  4'  4»s,-.  j*. r  ^  «  %  i  *  v.  .  . 

by  means  c»f  a  crank  awl  ececnirie. 

The  slip  which  has  pa^FSei!  iliioiigli  iln*  Imir.  .  on?  *.  P.n  4  !m  fh.»% 

a  trough  cHmtaining  a  luitnltcr  tA  rht  4  wu-ab  i»i  4  a  on  |.o!.4.r.  ,| 

fiif'tallii  iitfii  tthsi  ;i  ,vh.s4*j.  iJ*,  14/ 4^4 

itierrwiiti, 

Vtdrn  iiCit'  I  4fU  ir  4?r  fr|ti,,.^f.h  tl  Atr  ^  4i  t  .rx  .ifssp 

aiei  Ol  tlr  tl  Ixjnrls  fr,'4Ep  ,y|  ...vifir,  t -r  lexn-cA 

Till*  4l|l  r*  11*41  fi;i|  ifilii  4  ,4f  I  Iihrfr  |! 

If'CriviH  its  titl,il  !,i  tfir  liliri 

prr'^%c%, 

Hir  ’4lp  tcaiallv  «v5^4i%  iiliijtii  |iri  |iHih  jiitf 

Ul  n*  |,|f  fiiii  iftiiti  1^1  hr  li%rt|  |s|  ||ir  |*^||rt-i  r% 

III  llir  |ifoi  r‘ai  ol  I  i4ii4:  afitl  loti  4  4 

Fuj.  j,-.'  Filler Jhrv.  fifo|w4| llofj  iif  ip. «  uift4ltir«|  »,4f «  r4 

llflllll\ltt|;  t||<-  i}||»rf  m^ili  I  l.r  I*  'd, 

4/«ir4  r.  iri//r/ur*f4l  lllflllfl  ;il  |lfr%r||f,  |i4|  rp'rt  I'fir  ibn  ar..  f  .4 

liltft  pfrvi,  fill!  Ill*  pf.44‘%.  r  !oii,n  40!' t 

nuttent  that  im  mpvtmxl  liirilititf  n,  riiMtli  to  i>r  4h-'40'4 


In  the  filter  prm  fFiii.  jl  ilir  4i|4  r,  |4fii|r4  1 .41.  r.  ^  .*4  ^ 

suhjm  to  m  lo  wjtirr  r  0411  iumO  wf  liir  ,  .4  t, 

as  mneh  water  m  pmililr  hm  Wrn  friooinl,  ilir  1  ,iir  |  ^  r  i  *,  *4  o..*  .  a*i  r  4  , 

ahoat  5  ft*  A  I  It.  <1  in.  ^  f  itn.  mr  tAm  «tii  #<4lr4  ii|* 


In  order  to  produce  a  immu0mrm%  mav.  fir  <Akr^  n*  p  .  f  ^ 
mul  which  reieinbles  i  large  *t*%ii*«a||r  tit4iliif?r  I«  ihe^  lir 
squeezed  and  mixed  until  it  fiiirmi-.  Iipiti  lir  n^oiii.-  '.n  4  ^1.4 
mass,  which  is  m  inlo  kimin  by  nwtm  pf  4  ftpiih  fpi.iiMl  Im.*  .  4^’  ;  . 

taken  to  the  workmen,  or  in  ilie  rlay  Mpfr,  4*^  nu^  hr  ir*|i«fr4 


In  some  wnrki,  the  iiMrf  fiiorr^.  wr./rii#.  p  i?»ll  p  4./  , 

cme  another,  sliced  with  win  and  iia  pirr^A  4mkp4 
until  t  unifiirrn  wsie  Is  «iliifthiffi  itirihit,!  |,  .**'  ' 

iycc«  on  rdmhie  men  wim  tmt  t#  tupird  «,,!  p,  4,4^  Or  !,.f4  * 
social  work,  iberebrr,  it  k  lar|,r!)'  Iriiig  p,,  . 

efficient  pug  mill,  *  4  i  p  .  .  * 


»'  *'  i.M  IV 

4  r  u  ‘  I  '  f  •  ? 


which  It  m  easiest  to  manipulali',  ami  tin*  jir»nrr  iwij  !,  il>«  ».a>-  mir  sh  ii  i},. 
correct  amount  of  water  is  jin  s,nt  m  Ui.-  }Hij.p-.l  |„  4,- 


liiii*  li  w«4irf  i»^  ihr  iHitly  will  lir  l<w»  iiinl  .ulhrsivf,  whiKf  it  il  i\  lua  tliy  it  will 

iiMi  til  %%rl|  iitiM  ilir  jiiMiilflH  ^il!  full  tti  |iiriVH  tltitiii|»  lUci  uf  iHr«iiita«itiir,  I'ltf  t*M?i 

V  wl»ii  It  1%  ijrtifKilh  ’4ni4l4i*  t'i  lltal  al  whirli  the  ti.iy  r-*  nislt  i«t  Ur  r 4-41  v 

WMfUrtl  «i!h  4fiy  tii  tlir  *♦!  ilir  wiiikitiaii.  Alt  r\|»rrjftiffHl 

|'t«flrr  t'iifi  ifijfitrili.ilrH  irl!  t<\  llir  **  IrrI  ”  «t|'  a  i*l  flay  |«ii*4r  wlirflirr  if'»  r< •H'l.i^frnrv  i\  wliaf 

hr  tir'.ifrH, 

lltr  I  Itirf  |4H|»riiy  U\  all  iMilliriiwmr  Uswlir’*  t«i  Urtii|*  iMpaUIr  m|  any 

tlr*4fri|  ’.|}4|«r  Uy  llir  siirrr  |»ir%*4iir  mI  llir  !%  Iriiiird  //<!<//» /'r.  Ltitir  i‘%  kiiowii  a!  inr’^riit  «*l 

tlir  1 4i!‘.r-»  nt  Uiit  it  r'>  .1  t'liiii'.ii  letiHfu*  «»|  iiihhi  rhivn  fitiil  WiHiv  »if  lUr  iiimhI  iiniHtri.yil  t|i% 

liiji  lct%i.rni  liiriit  aipl  tiflier  HiiU‘4i4iirrH,  uii  ihr  HiiUfni  will  ir  in 

ill  r  writ*  41  i»ii  ClmfSl|i.  f4-*h 


h'l**,  4.  I’tfiirr'^  W  lirri  |r»iWrf  Hrivriil 
i'/  i  U^mfrg-ft  /  fJ  I 


Methods  of  Shaping  Ware.  Iti  ttf  r*iiilii.tiim**4rt\  4  iiumtirr 

ill  tuAf  tir  iiHr4  Htiigly  tir  ill  4t*eiirtliiig  Iti  tlir  arltrlrs  lci  hr 

|if«*f!iiri't|.  “Hir  iifirti  iiiijiiiilaiil  tif  iiirtlifjii*4  iitr  ah 

rfiri4ril>i  ill  giving  4  pimf  nf  hiitly  llir  iltriiml 

li|' t  tiiiifig,  jirr*’rtift||»  .ifiti  jiiilliiig  |i«riititw  «if  tl.  t%  iii  wiiiir  wayi,  Miiiiilitr  t«i 

ilic  mi'ifl  fif  j  ill  tuirvifig  hiii  ilif'  grratrr  HtifiiiriH  unit  plaHlirily 

**f  lilt’  litiflf  llic  liiigrfi  itiicl  «ititii!}  Wotttlrii  liM.ih  tn  l»ikr  ltl«^  filacr  iif  iht.! 

’ii  Iiljilctr'i  liilitfticf  4llt!  I  liiirl.  MtirctiVrfi  jiierr^  nf  fnmtt  jiiiltc  run  hr  iiitcJrtl 
1*1  llir  fiiaiii  nm%%  wlirtirvrr  ilrtiml  a  {irtifierly  tlini  n  cmlf  hv  filiifiiir 
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McxlelHng  is  only  iinetl  wlien  a  siiiglr  .iittiir  i*  i^*  i»«'  *<i  \%hrn  a  m  -nhl  r*  l-r  nl, 

It  is  slow  ana  . somewhat  tedums  work,  oven  whrii  ainplr  Ijuloin  .iir  5.iit  i!  i.  ilir 

point  of  all  methods  of  nnuuif.uiisrr. 

J7wTw/,if  is  a  special  foiin  of  nnalrlliio*  iii  wh^oli  l!4«  |sii!ti  ii-r*  4 
plate—the  well-known  “potter's  wlnvl "  mi  wfiuli  fo  lofiii  ihr  Atii*  h*  1  hr  ^ 
wheels  were  simply  iiat  wotHlmi  tlises  iimtiiiird  tat  .tn  «pr/jii  'pni4lr  Atui  krp!  in 
motion  by  occasional  bknvs  adminislortil  Hv  ilic  li.iiiih^  ta  Im  i  o?  ihr  bin  »lir 

modern  wheels  are  more  cc»mp!e\  ami  are  4!ri%i‘fi  iii**i  liaiii*  .t1!\  1 1  I 

In  making  symmetrical  uriicles  *e»  i.er-'*  ainl  fiio‘4  liumr-au  irta-L,  ilu- 

use  of  a  wheel  greatly  fat'ililales  ilie  s!ia|iiiig  of  ilir  iita  -i.  I  lir  iwc^rt  d.t  .  4 
pasty  lump  of  liody  on  iti  tin*  whorl  anti  ‘ttaif*  lli?'  lilln  oaaiifir  Hr  ilirii 
his  fingers  in  a  bowl  of  water  ami  applies  ita  iii  la  ilir  m.v*'i  lu  %ta  h  a  ni.aoin  ir,ii 
it  rises  and  falls  in  a  eonii\d  shape  iiiiltl  it  r»  %vrll  iiiHril  .ifiil  it*  r  loan  4«  hnhhh* . 
He  then  forces  his  thumtis  ilown  mi  itir  ernifr-  hI  ihr  iiLiv,,  h..  iimm* 

converts  it  into  the  desired  shape*  the  fmai  loinlir*  Im  mg  ttidi  i.oear.  mujI; 

tools  made  of  wood,  horn*  oi  metal.  'Hie  Mifiin'i  at^  #  Ir.ee-i!  wal'  *1  %%.'» 
sponge,  the  article  is  cut  from  iliehtisf%  liv  ifiraiind  4  *4fr!ilisi!  .iial  p.r.  r-o  .m 
to  the  next  workman. 


Throwing  Ifi  skilirfi  work  aiitl  nwny  *  iMii.f  t  til.-n  U  ..  ^  ^ 

need  not  Ix!  mtmibned  hrrr,  It  h  xiftirinii  Im  '440*  ifn?  oi  ir|ar),i  rt  m,.s  ,4. 
arddo  which  ap|j«tr  lo  t|nftr  trry  iilim  t!  It,.  O  .4^  t  ^ 

they  hecome  twkictl  iind  Wiirfird  iiHipilit  ^  |*r*sv4f^''i  ii  gr.  I  '  d 

Many  vr%'»rl*  iiwy  Iw"  hy  O'.r  0  i  t,ni  0  gir^i*  .  ,,,4 

is  dedmi  it  h  tliiul  !*♦  Iwir  fhsatl  *Mr|rr.|  "  t‘ir  .4  ,1  . 

Wing  flhplicrd  liy  fiirrlwiiii  4I  t-MliiiiiHrs 
•tiilH  iniirr  la  ' 


t(  *1 


Fio.  s.—lAlhr. 


0**111111  inotr  ji.sf  **  h 

|Xi'fisr%irfl  hy  arlklr*!  liirrwii  h\  a  ikiri 

AittcW  i»f  rofiiplr%  Mr  v  iiiriiifirt  i  <  i  u*. 

which  4ir  aflrr^aiil'i  |?iiiir«l 

Tammx  h  it  iiiotlilitaliitfi  of  thtimnu,,  4t?i|  *  .tir.n 
the  driial  pknetif  mair  mi  4  Itilii*  in  a  iiaiiir-t  ;  ir 
to  ihal  eiiipliiyril  by  mgmrri%  ifi  itiiitsog  4* 
desired  shape,  11ir  eliirl  dilirifiw'r  ilm  H 
scdl  that  vriy  liitlr  pumri  i*i  iir4‘iir4  hit  ilniinr 
a  small  ireadir  Liflir  n  ^ntrwlly  tiird. 

litlfctl  «ii|i  *|ii|r|4  Ip 


4  tern 

.  ‘.I  p  ^ 
I  «%  .  J  n  Air 
)  -  ?  .r.».  I 

ihm% 


I  ,r’,| 

ih  r|  p|  If  oil  li  ,  4 

'  h  ill  . 

I  hr  heir-  il  e* 


(ify 

mmn  7*.  irUkii 
&*  Ci%) 


The  liifficf  1*1  ifwiallf  iiiji|t|. 
almoil  lliriir4ir*l  'lupr,  mA  w»fk 

awl  giving  it  4li  Arutwir  ii|*4|fr  fn  ||tf  iiiiitiiif#r.|iiw.r 
degree  «f  afrtif4i|  in|t#irr4  i« 
liolwilll  44tiiltiig  liip  gir#!  drffrfrii  m  ti^r 
hf  tiiwir*  *»l  yi  »ms44mtni%  m  ifr 

nirncfl  with  cmc  wd  ra|ittlip.  .iiid  Ihr  driiMiid  I  4  si.4  iu,„|4r4  i 

of^the  wire  mmh  itwrliaiiifirily  in  jirr«r*,  rit,,  n  «,  I  “  I  ^ 

fimih  given  Ity  liirniii||  h  Witri,  itnl  ilir  iltt|^  w  ‘tr  4140  o  3.  ^4  1  #* 

other  |»foct»  of  slii|««||;,  A  tiinlr  bfin  »i|  01111114  o  iiird  |.  1  $  4'4«  »  I 

as  Jfimmg*  »  1  , 


-  I 

#1 

#3  tin* 


**.4  i 


I 


4  4i.  * 

i 

*  I  k 
;  4  H 


is  now  thf  moitt  usiwi  mclHwl  of  >ih4ji«S|,'  rMiWnnM'-  jfSoV',  |  <r 
pMte  is  placed  in  suitable  numIdH  made  of  t*!<e.teit  »*l  Cat**.,  otd  e.  j  mh,  jIh-o. 
either  by  hand  or  by  sonw?  meehaniral  uiraiH,  ibr  ^utplu-.  HwSr»-.4t  n  mn  .,'-4.  4f  4 
the  mould  is  then  set  aside  to  dry.  After  M»me  imie,  she  are  LAro  <  :.! 

and  a  replica  of  the  article  or  mcidd  is  ibereliy  piodm  rd 

For  some  complex  artides,  the  moulds  muil  )«  wadr  *4  ii  on  tin  t.  • 
pnnciple  is  the  same. 

Potters  do  not  usually  employ  the  term  “moiddiuit."  bui  mrtMdr  ..p  i..!,  .,, 
under  pressing,"  even  tliough  no  presses  ,iie  miifd, 

The  simplest  form  of  moulding  is  when  the  }u«e  j«t%he4  «,<  j|  ,„t.,  r^r.s  pan 
of  the  mould  by  hand,  and  after  the  artide  has  iwri  rrnooed  ft-.w  s|,r  m-  ol4  ii  * 
surface  18  finished  as  may  lie  reqmrrd.  ‘I'hi*  prm  ess  n  o»rd  fMr  aS!  aitidr-,  »uu  U 
cannot  be  made  on  rotating  itiafrliinri. 
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An  oriiinary  cmer,  «ir  |ii|4  fur  mt,  it  ly|»iiml  «!'  tlie  kiiwlt  til  ware  wliirti  arr  irndt  m 

inuttltlH.  Fur  rlc..  ilie  ruiHiiti  t»t  a  tiiigli*  pierr,  Inii  fur  mtiii  hfilltiw  ware  ii  i'l  iiiailr 

uf  ai  katl  Ihicc  |»if*rrt»  th«*  liamitr  Iriiig  iiunle  in  1  trfmralr  iiiuiiUI  atnl  iillarhrtl  kfer.  Hit*  tiHuIr 
Ilf  the  muiiltK  Hfungeil  wiih  tiiniii  wairr,  itinl  ilir  varitnw  ate  lillrtl  %r|i*irairlv  Hiili  a  fbl 

cakr  w  Fat  ul  lK»tly»  wliii'h  i\  %uiiiewiiai  larger  aiui  raltwi  itiirkrr  iFaii  ihe  inniinn  ul  itic  ware  ii» 
wlikh  if  t:urrfs|i«»tiiK.  Tlir  litMly  k  etrefiilly  |jre%Mti  Hfll  inio  ilir  iiitHiltl*  and  any  txam  h  rarrliilly 
rcniuvfil.  Thr  mirnaw  fiait'*  m  the  immltl  an*  iiuw  Fiitciicii  lugrtiieri  tiitl  the  t*r  \|iarr^* 

lietwcrii  each  fiicrr  ik  lM«|y  are  riireftilly  f»ltlilcraleil  by  w'urkitig  with  the  linger^,  iiiurr  l»uily  firing 
iiililetl  if  mmmty*  Whm  the  variotH  iiierrt  «f  tnnly  have  been  |»ru|iefly  iinsinl,  ihc  liHitlr  surfaite 
k  iriinmnl  lu  wiih  a  tniall  M‘ra|ier,  ami  finnlinl  with  a  **|i*»n|te  am!  clean  water,  iiiitil  if  i% 
S'*!  iintiuili  tm  iHMuilile.  ^  The  hhhiIiI  with  ctinlenli  t%  thru  set 
iitifk  niilil  the  Uuly  i#  *«iifikieiitly  *4 iff  fur  llir  immlil  i«i  be 
eiiijiticil  with  mifety.  After  lliit,  itie  arilrlr  k  irlttniini  f\irr- 
iially,  the  liiiiitik  is  allarlml  by  iiirans  i»t  a  liith?  Ituily  atul 
the  wtiule  wirfacr  «if  llie  iiiiiclc  1%  ilirn  fiimiietl  with  a  wrf 
»|ionKi!  mill  a  iticcc  tif  leaili«*r  ur  Itntilrtiin  wiitl  ti  u  i|«iiu 
smut  till. 

The  article  1%  then  fakrit  tu  llir  **  tiuvc'**  m  tiif|ing  di.iinl^ri. 

Kiicli  wtirkinan  will  iri|nur  4  luge  tinmbri  uf  Im 

kcfii  him  Ihllv  iH’rti|iinl. 

Thr  |||U|||||%  \uun  bri^uiiir  "-lir'k,"  illul  will  IU»t  llir 

H.ire  |au|»rilv;  they  iiitHi  flini  Krtleaiir*!  bvcairlitlly 
llir  i!Urii«4  wiili  a  wri  !*fiiih,  If  ihi'i  aii*f  a  ihufutigh  4fUfig 
ihffi  lilt!  irvivi*  lliriil,  lliry  tiitr4  Ur  ili4Mf4rt|. 

/ii//#'i7>i4*  IH  *i  fiiriii  nf  iiifitililiiin  wliiirh  iiinrr 

iitid  skill  limn  tmiwt  |>rrsiiiig,  Hu* 

Jolley  mnisists  of  it  inmild  fiiiett  on  in  a  kifu!  of 
wlieitl  (Fig,  6|,  and  Itie  liiiiiji  of  tiwly  is 
Ihniwii  iiiiti  it  A  jiirm  of  |M)iiery,  wcititk 
tiTiiird  II  iiridtlr  ttliicTiiffl  In  a  Hiiitilile  fttnirwiirk 
terined  a  jiggiT  ih  llini  liriiiigln  down  on  in  ilti:*  |astt% 
mid  ihr  jirrssiirt'’  il  r^rrts*  m  rinnlmmlkm  witli  ilmi 
cif  Ihr  riijiidly  rtiliiliiig  jtillry.  rafitdly  vnmrtbi  ilir 
llllitjl  t)f  liiidy  llllfi  an  aifit'lr  nf  itir  drsifrd  s||4i|jr. 

J«4lryifi|»  i»4#  llirietufr,  a  uf  |tfrt4'r-u.r^  whrirby 

llie  rslrtnif  4ia|v  uf  llte  Atlirle  n  iiititiliirth  #40*1  llir  tn*olr  o 
liftiiillftfiruiisly  tiifiirtl  Tito  imterf’i  k  w-rttirfifitri  rr%*rf»r4,  *11 
ill  llr  iiwiiiifirliirr  iif  jtkiei,  whirti  ^iir  fiwilr  tifnitte  iluwit,  the 
fufiiiiiiii  llir  **  kitlmii  *’  uf  ill**  llir  iiiiiiiiil  ilir 

fiicp  Iff  ifilrittif. 

Il  m  Cffiiveiilfftii  III  ii*e  iwii  iior  !»♦  ftiitii  a 

flit  Mm  m  In/  f,if  inti  tlw  tiiliet  |ti  gift  titli  itie  fiiw! 

tlifie  tlfdrefi 


] 


Pmms  of  fariciiii  |itiierrit  itre  iist/tl  for  wmm 
ill  liirgt*  llie  intiii  tiiititl  fiiriii  for 

eiirlliniiwiiri!  Imdiig  a  |i.illcy  tir  Jigger,  For  Imiirili 
litrs  find  nllwT  wares  nnl  rtmdtiy  ftirinrtl  by  |i,itlryi 
mid  jiggt^ri,  ingglr  levrw  nr  screw  jinmiei  (Fig.  lojiirit 
largely  €iii|iltiyetl.  Utese  jtrrwn  are  i>riiv«kd  wiiti 
iiiriiil  iiititikk  rtiiisistifig  til  lw«i  chief  |iiirlt««tlic  im 
wtiiih  is  iiitiwlirtl  to  itic  lird  of  itic  macliiiic  and  llir 
or  iiioviiig  jmtt  whirh  fits  iiiiti  the*  \m%, 

A  stiiiably  sii/rt!  tiiitip  fd'  jiasir  n  filarcd  in  thr  t«#x,  iiiul  llir  niiii  ^ 
tlriwii  fiifciiily  by  riiriiins  of  llir  ttircdiitiiisiii  iirnvidcii.  I1tr  btitly,  bring  midt?r 
great  |irrsitirt\  h  thin  iiiatir  in  ftcrii|iy  iitl  llir  iiitttr«iic:ri  in  itni  iiwiild,  iittcl 
any  imrcsi  nf  iiiiiirfial  »  fnrrrtl  «iil  ilirtiiig}i  an  itscaiunticiit  On  reteriiiig  ihr 
iiiicliifir*  ihr  |itiiiigcr  ii  raised  and  lltr  ariiclr  timy  ilicii  be  iiikrii  iiiil  «f  the 
tticitiki. 

tlirv  fiirlAl  fiiwalfb  are  a'-ulh*  ifi4  »irily  Ap|illCiil4e  m  ^ftirir^  uf  r'»ftt|af4fifrh 
thr  lltr  s4  n  Iiiiuir4  lu  ecfUiii  WAtrt,  ptAi  m  lllr-'t.  wimti  4ir  fri|titfr4  iii  lifgr 

iiitfilirfi  Mitii  fifrfrrfiitg  c*  me  dioi  ifu.ir44  i4  #4  iiUaic  k^'i¥ 

wlieti  tm.k  pfe%w%  iff  etii|4fi|f4 


Flu.  ft.  Vrfih'iti  jiggri 
itml  Jullry, 

HV»4-#i'i  /.I./ 1 


ihr  iiliiiigrr  brniiglit 
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Casting  a  form  of  moulding  which  is  specially  suitable  for  very  thin  ware, 
though  in  some  instances  it  may  be  used  for  thicker  articles.  The  moulds  used  for 
this  purpose  are  of  plaster,  and  a  body  slip — carefully  lawned  to  free  it  from  grit — is 
poured  gently  into  the  moulds.  The  plaster  absorbs  most  of  the  water  from  the 
slip,  and  after  a  short  time  the  mould  is  inverted,  any  remaining  slip  is  poured  out, 
and  the  mould  is  left  for  the  body  within  it  to  dry  and  shrink.  This  does  not  take 


Fig.  7. — Automatic  Cup¬ 
making  Machine. 

{By  courtesy  of  Messrs 
T.  Willett  Co.) 


Fk;.  8. — Automatic  Machine  for  Fig.  9. — Plate-making 

making  Wash  Bowls,  etc.  and  Batting  Machine. 

{By  courtesy  of  Messrs  {By  courtesy  of  Messrs 

T.  Willett  Co.)  T.  Willett  Co.) 


long,  and  the  body  can  then  be  taken  out  of  the  mould  in  the  form  of  an  article 
which  usually  requires  retouching. 

For  successful  casting  the  slip  must  be  very  fluid,  but  must  contain  only  a  little  water.  The 
addition  of  a  small  percentage  of  alkali,  and  particularly  of  baryta,  to  the  clay  reduces  the  propor¬ 
tion  of  water  needed  to  make  the  slip  fluid,  by  40-45  per  cent. 


Cast  ware  is  very  porous,  and  shrinks  greatly  on  drying ;  it  is  more  largely  used 
for  porcelain  than  for  earthenware,  though  there  are  many  earthenware  articles,  such 
as  spouts  for  tea  and  coffee  pots,  which  cannot  be  made  so  easily 
in  any  other  way.  This  method  is  also  of  special  value  for  thin 
ware  of  a  complicated  pattern.. 

Expression  of  the  body  through  a  die  or  mouthpiece  fitted  on 
to  the  exit  end  of  a  pug  mill  is  only  used  for  the  cheaper  handles 
and  similar  solid  parts  of  articles.  In  the  manufacture  of  bricks 
and  tiles,  on  the  contrary,  this  is  one  of  the  most  important 
methods  of  manufacture;  it  is  described  in  the  section  on  Bricks 
(p.  208). 

Finishing. — There  are  a  number  of  minor  processes  through 
which  the  articles  must  pass  before  the  shaping  can  be  considered 
to  be  complete.  The  surface  may  be  scraped  and  polished  in 
order  to  remove  blemishes;  some  portions  may  require  to  be 
Tile  Press.  carved  or  undercut  \  others  must  be  repaired  by  the  addition  of  a 
iBycouricsyo/Me^sn  fresh  body  followed  by  gentle  trimming  and  polishing. 

T.  Willett  Co.)  Slipping  and  sticking  up  are  terms  employed  for  fastening 

handles,  feet,  spouts,  and  other  accessories  on  to  articles;  it  is 
generally  advisable  that  distinct  projections  such  as  these  should  be  moulded 
separately,  and  afterwards  stuck  on  to  the  article;  to  mould  the  whole  at  once 
greatly  complicates  the  manipulation,  and  prevents  the  ware  being  made  so  satis¬ 
factorily.  Sticking  consists  primarily  in  moistening  and  pressing  together  the  two 
parts  to  be  joined,  and  uniting  them  by  working  in  a  small  roll  of  plastic  body. 
Slipping  is  used  for  less  plastic  bodies ;  it  consists  in  covering  the  surfaces  to  be 
united  with  body-slip  and  then  pressing  them  together. 

Engobing  consists  of  the  application  of  a  coating  of  a  body  different  from  that 
of  which  the  article  is  made.  Thus,  earthenware  articles  may,  for  the  sake  of 


/fJA*/7//!AirjA7*; 


^7J 


rhi*;i|inrHS  ur  Icir  %mm  misini,  hr  iii.idr  cif  a  bcnly  whtwt!  wlu*ii  firrt!, 

unilcHirahlr,  Siirli  a  budy  t*aii  la*  vuvvwd  wiih  an  liignhe  nf  HU|irritir  t'hiy,  and 
in  ihi^  nay  taiii  In*  itudr  lo  rthriiitili*  rarllimwarr, 

i4i*%  i4'  tin*  -liijin*  riwi|Mi-4lisiii  iH  flir  IwhI  riu thiTiiwan-H,  hill  it 

r.^iiivfti}rtit  tt*  4  liltir  tlM\  «»r  l«»  ihritu  iit  lu  im’riniHi*  ihrii  t««  llir  huily 

lit  ihr  w.iir.  Wliri'f*  a  t.si|.iiirr«l  rng»4»i'  ih  rr«|4iictl,  tlir  \Uiln  ||i.  Hijl  *•»  a«|s|ri|  ft*  it 

hr'lurr'  iiw.  Thty  *trr  ii|ijilir4  lit  itir  iittiiitrr  a%  glu/r*-*,  hiii  *»A'*i*iti!iiU4Uy  tin*  rii|»tihr  i'o 

in  ihr  tiiMtiIil  Hi  llir  titlH'k*  tsi  hi*  iiiitir,  <itii|  llir  r«»ut'%r  imitrrirtl  is  then  uwtf  in  ihriH  4 

**  hiickirig/* 

/)rri>i/  luirMtfiUHsrf.  ’Owing  in  ilu*  largt*  antininl  tif  iiinuldH  and  nf  spafi* 
whir*li  wciiild  nlherwi'ie  In*  ticcnijiied,  and  t!u*  lUHTH^ity  of  avoiding  draughts,  it  is 
alnieisi  ii«|trKtlivi*  thin  sonit*  form  of  arlifn*ial  tirying  slutulcl  be*  riiiployrtl,  and 


IOm.  II  Hrir%  f»tf  H1114II  \V»4fr, 

fl#*  .»*!#♦  #^*#1  i  ?J/i 


,iir  gnirrallv  iisril  for  lliii  |wii|iiras  fhirli  liioiild  lillisl  bodfital  bufiirr 
il%  riiiiiriil'*  1,111  br  riim*vril,  %fi  lliiii  thf  stoves  iiiiisl  luivi!  atii|*k!  oauatatv  lot  all 
gtwids  iliai  r4*'lt  itiakrr  1  »iii  jii^nliir*'  ,\lafiy  slfivrs  itmv  in  use  will  hold  a  ittoiisaiid 

tif  llltifr  lli*aili|H 

IlS”  'Itlil’ffi  i!-r<  ”  I  f  j  irfir’M  4  4  3,1**111  i  |o  ff,  higlt 

4I|'I  li  a  s  I  a*|r>,  ^11  ili  .S-*  .r-i  4  4  lir* 4lll  If4llir  1 1  I  W|f  ll  jini  ^itffir'irisl  r 

r»i<li  ill-'*!  4.  r4iiii  .  fS'"  m  mhl->  t  Ij»*  llirit*  %hrlvr'»  4fr 

IP  'ilflOvI  .ss>  is  **ti4^0i  *4  '  ^  4ft  hr  f  S4«r*l  u|  iWly,  fliry  4fr  rtp'liririt  Itt  0<fltg4flll|r||i  . 

^1*1' h  mr  I  hy  .  »f  ip#!  |4|r4s  nr  At  ill**'  Wrf,*!  frafpr'i  Ifriitn  |44i  r4  tfs  ml* 

X  ^HU\  I  ilil.'t-iiir  lip-  srfiif^  4r|  r4<  li  ilinr  »  4i*ni  i«l  |P’it  -itfliii'inii  iiia'ti  ni  rft4hl** 

ill*’  llfl  *iar  4fW  '4  0<r  !  I  !«'  |r4!  <f|  "Jf  |rii|p»%’r4,  ,1*4  4r4trr*4  'llir  mr  ttf  411  rfp  hi-*r4 

%Prtr  *4  lliit  I  4  ii4fl'»W  *lM**tttAy*  riwhlri  ||$r  lira!  tn  t#r  l?i  itlf 

Ifrllllif  4h  I  |r*4f  f"*  4!!  fit**  Iff  Ih-’ 

I  *  rf|  ln.r  |  1*  ^  If  <Hr  l%A|h-  <  I  thr  atr  I  fli|4 
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When  the  articles  in  the  moulds  are  sutileiendy  dry  lltey  are  remou  d,  |.lierd 
on  a  revolving  table,  terinetl  a  -n’Mrlt'r,  and  e.iivfulh  spongetl  •>!  rubbed  with  a 
iiiece  of  leather  to  give  them  the  necessary  finish.  Uares  0!  a  sjK  i  lalK  line  uatun* 
sometimes  receive  a  further  polishing  by  mean>.  of  Hantu  l  or  tow,  applierl  to  the 
almost  dry  body.  If  necessary,  they  are  replactal  in  tlw  stoves  aiui  the  diyiiig 
completed. 

The  linisliol  giMids  an-  llipii  ttsuly  t.*  g"  u,  l!ir  Wto  ..i  il.t!.-.  .nr  }-!.».  r.l  sn  i.uiig. 

cimsisting  of  ovelvc  iiljites  ]ilaiT<l  oiir  aliovc  tin-  ostirf. 


Shrinkage.  “During  drying,  the  water  prescni  m  the  pasty  !c«ly  s,  lem-ard 
in  two  ways:  {«)  by  ahsorptum  by  tltu  (ilaHter,  the  p«uev  of  which  ate  to,,  unr  i-. 
allow  the  day  to  jrass  through  them,  ami  (/-)  by  evapm, limit  In  r.tth  ta.c  iSc 
removal  of  the  water  prtxbices  .1  ritluethm  in  (he  mw  of  the  aiu*  lev,  and  . 

must,  therefore,  be  made  for  this  shiinkage,  ‘{'he  amount  of  1  o«tu,i.  It-  ii  ilof.  o, 
with  different  hodir-s,  Intt  is  UMially  about  one  iwelhh  o(  eadr  dnneiroon  of  she 
artidc,  cxeei»t  in  cast  ware  in  whieh  it  may  be  mm  h  lugef, 

IhKlics  with  a  high  vtitink.'tge  oa  dryiiti:  teawUy  bevr  .i  r,i,4p*..v  e.  t.  t  , 

twit  a  IS  tlchifulile  III  kee|t  tlie  •.hrittkxge  as  low  pi.'oil,!.-  I  Co  vO -.'(ecir,; 

china  day  fur  sume  uf  the  more  plasiii  day  ot  iw  the  wldm.iti .  i  rtea,  A  ,  riuti.  j-u  .ma  ■ !  t  i»»i 
day  i*.  hriwcver,  i",leiifi#l !  wiihoiii  it  the  i»*rt«Ir*,  1 4)111.4  i»-  (.rji  ibif.p.  «;j  »si.,  c  > 

made  from  a  (>la»tic  laaly  iiivariulily  slirittk  iiMoog  lirying. 
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In  small,  thin  pieces,  the  shrinkage  and  drying  do  not  usually  present  great  difficulties,  but  in 
larger  and  thicker  ware  the  greatest  possible  care  is  needed,  and  the  drying  must  be  exceedingly 
slow. 

Further  information  with  respect  to  shrinkage  will  be  found  in  the  section  on  Clays  (p.  142). 

Ovens. — For  burning  earthenware,  round  vertical  kilns,  or  ovens ^  are  chiefly 
employed.  In  shape  they  resemble  a  large,  but  stumpy,  bottle,  and  consist  of 
a  cylinder  of  brickwork  about  8  ft.  6  in.  high,  above  which  is  a  high  dome 
surmounted  by  a  chimney.  Around  the  circumference  of  the  oven  is  a  number 
of  fireplaces,  the  flame  and  gases  from  which  enter  the  interior  of  the  oven  and 
pass  partly  up  small  chambers  or  bags  and  amongst  the  contents,  and  partly  down 
through  the  floor  or  sole.  Both  sets  of  flame  and  gases  eventually  rise  up 
through  the  kiln  and  finally  pass  out  through  the  chimney  at  the  top. 

Sometimes  the  oven  proper  is  quite  independent  of  its  chimney.  The  latter  is 
then  built  in  the  form  of  a  large  bottle¬ 
shaped  structure  which  completely  sur¬ 
rounds  the .  kiln  and  is  termed  a  hovel 

(Fig-  15)- 

This  arrangement  prevents  the  wind  from 
blowing  the  fires  and  so  disturbing  the  heat  of 
the  oven:  it  forms,  however,  a  very  hot  and 
confined  space  in  which  the  firemen  work  and 
the  draught  is  liable  to  be  feeble  and  irregular. 

Down-draught  ovens  (Fig.  16,  p.  215) 
have  long  been  used  on  account  of  the 
even  temperature  which  can  be  pro¬ 
duced  in  them.  They  are  of  various 
patterns  and  often  differ  considerably  in 
their  constructions,  but  in  all  cases  the 
flame  and  hot  gases  from  the  fuel  first 
rise  up  inside  the  walls  of  the  oven  until 
they  reach  the  dome;  they  are  then 
turned  downwards  and,  passing  through 
one  or  more  openings  in  the  floor  of  the 
oven,  they  travel  through  a  series  of 
flues  to  a  separate  chimney. 

In  order  to  economise  fuel,  two 
ovens  are  sometimes  built  on  top  of  each  Fig.  13.— Movable  Shelves  in  Vertical  Drier, 
other  (Fig.  14),  the  waste  gases  from  one  iSy  courtesy  of  Messrs  x.  WUlett  Co.) 

then  passing  into  the  next  oven. 

Many  attempts  have  been  made  to  use  tunnel  ovens,  into  which  the  goods  are 
introduced  at  one  end,  heated  slowly  until  they  reach  the  centre  of  the  oven — 
where  they  attain  their  highest  temperature  and  then  cooled  gradually  until  they 
pass  out  at  the  further  end.  With  few  exceptions,  tunnel  kilns  (Fig.  16)  have  not 
proved  successful  for  earthenware,  but  are  useful  for  gilding,  overglaze  firing  and 
patching  defective  ware  (see  p.  181). 

There  appears  to  be  much  room  for  improvement  in  the  design  and  construction  of  ovens  for 
earthenware,  but  large  scale  experiments  are  far  too  costly  for  most  potters  to  be  able  to  attempt 
them.  Thus  an  application  of  Hoffman’s  continuous  kiln  would  prove  highly  economical  in  fuel, 
but  such  a  kiln  has  never  been  used  on  a  large  scale  for  earthenware  in  this  country. 

The  use  of  gas  instead  of  coal  also  offers  several  important  advantages,  but  no  gas-fired  kiln  for 
earthenware  has  yet  been  built  in  Great  Britain. 

The  conditions  and  changes  which  occur  inside  a  large  potter’s  kiln  are  highly  complex,  and  as  a 
small  variation  in  the  manner  of  working  the  kiln  may  spoil  the  whole  of  its  contents,  it  will 
easily  be  understood  that  very  few  potters  are  willing  to  risk  thousands  of  pounds  on  a  doubtful 
economy  in  fuel  or  a  small  improvement  in  their  ovens.  That  large  improvements  are  possible  is 
beyond  all  doubt,  but  the  great  difficulty  is  the  serious  loss  which  would  probably  have  to  be  faced 
before  the  improved  kiln  was  a  commercial  success. 

Setting  or  placing  are  terms  used  for  what,  in  less  technical  language,  would 
be  designated  as  “filling  the  oven.”  The  earthenware  is  first  placed  in  oval  or 
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round  boxes  made  of  fire-clay  (termed  saggers),  and  these  are  then  piled  one  on 
top  of  the  other  until  the  oven  is  “  filled.’’ 

The  earthenware  is  so  tender  that  it  requires  great  skill  and  care  to  place  it  properly  in  the 
oven.  A  single  sagger  full  of  plates  is  a  heavy  and  difficult  article  to  manipulate,  especially  as 
many  of  them  have  to  be  carried  up  ladders. 


Fig.  14.— Vertical  Section  and  Plan 
of  Double  Oven. 


Fig.  15. — Section  and  Plan  of 
Hovel  Oven. 


Biscuit  or  unglazed  ware  is  easier  to  place  because  the  pieces  can  be  laid  on  each  other  so  long 
as  there  is  not  tlo  much  weight  on  any  portion  of  the  ware.  The  skill  of  the  setter  m  biscuit 

olacinff  consists,  therefore,  in  placing  the  largest  quantity  of  ware  in  the  kiln.  1  + 

^  In^placing  glazed  ware,  or  si^ost,  the  glazed  surfaces  must,  as  far  as  possible,  be  kept  out 
of  contLt  wf*  any  other  surface,  and  the  ware  is  therefore  supported  on  pins, 

“  thimbles,”  and  other  specially  shaped  pieces  of  fire-clay,  the  sharp  edges  or  points  of  which  are 
designed  not  to  spoil  the  appearance  of  the  glazed  surface  of  the  ware. 
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Much  ingenuity  has  been  exercised  in  devising  means  of  placing  glost  ware  in  ss^gers ; 
detailed  descriptions  of  these  devices  are  given  in  Bourry’s  “  Treatise  ”  ^  and  other  technical  works. 

The  number  of  saggers  in  an  oven  is  very  large,  being  usually  above 
2,000.  They  are  arranged  in  a  series  of  rings — usually  five — and  are  piled  on 
one  another  until  the  oven  is  filled.  Sufficient 
space  must  be  left  between  the  piles  or  bungs  of 
saggers  to  permit  the  proper  circulation  of  the  fire 
gases. 

To  prevent  the  flame  entering  the  saggers  and 
discolouring  the  ware,  they  are  luted  with  sand  or 
clay — preferably  the  latter.  The  lute  also  affords  a 
means  of  properly  bedding  the  saggers  on  each  other ; 
if  this  is  done  carelessly  the  loss  resulting  from  the 
breakage  of  saggers  will  be  serious. 

Firing. — The  firing  of  earthenware  biscuit  re¬ 
quires  great  care  and  skill.  It  is  necessary  to  heat 
steadily  and  slowly,  so  that  the  water  evolved  on  the  decomposition  of  the  clay 
may  not  escape  too  rapidly  and  so  damage  the  ware.  The  ware  shrinks  as  the 
water  is  removed,  and  if  the  heating  is  irregular  the  ware  will  twist  and  warp  to 
such  an  extent  that  it  becomes  useless. 

This  second,  or  kiln  shrinkage,  is  only  about  one-third  of  that  on  drying,  but  if  the  rate  at 
which  it  occurs  is  excessive  the  possibilities  of  damaging  the  ware  are  very  large. 

The  temperature  finally  attained  in  the  biscuit  oven  is  about  1,200°  C.,  the 
ware  being  heated  until  it  has  attained  the  desired  hardness  and  density  rather 
than  to  any  definite  temperature.  Some  potters  find  it  better  to  heat  for  a  long 


Fig.  16. — Cross  Section  of 
Tunnel  Kiln. 


time  at  a  somewhat  lower  temperature,  others  prefer  a  higher  temperature  and  a 
shorter  heating. 

Trials  made  of  pieces  of  earthenware,  are  placed  in  convenient  parts  of  the 
oven,  and  are  drawn  out  through  special  trial-holes.  By  drawing  out  trials  at 
regular  intervals  from  various  parts  of  the  oven,  the  extent  of  the  action  of  the 
fire  on  the  ware  can  be  ascertained.  Various  pyrometers — including  the  very 
ingenious  shrinkage-gauge  of  Wedgwood  and  the  Seger  cones  (Vol.  I.,  p.  74) — 
are  also  used  for  ascertaining  when  the  firing  of  the  ware  is  likely  to  be  finished. 

Skilled  firemen  can  judge  the  temperature  of  a  kiln  by  looking  at  it  carefully,  and  when 
accidents  have  happened  and  part  of  the  inside  or  contents  of  the  kiln  have  slipped,  the  fireman 
is  frequently  compelled  to  rely  entirely  on  his  experience  of  the  “colour”  of  the  kiln  to  enable 
him  to  finish  the  burning. 

In  order  that  the  ware  may  be  burned  economically,  the  fireman  must 
heat  it  as  rapidly  as  is  consistent  with  safety,  and  in  order  that  the  heat  may 
be  uniform  he  must  carefully  regulate  his  fires  and  the  quantity  of  air 
admitted.  The  coal  used  should  be  long-flamed  and  of  fairly  good  quality  :  it 
costs  more  to  use  a  poor  coal  than  a  better  one  on  account  of  the  longer  time 
needed  for  heating. 


^  Figs.  12,  14,  15,  17,  and  18  are  from  Bourry’s  “Treatise  on  Ceramic  Industries. ” 
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There  atf  many  o|nnii»iis  U*  ihr  “  i  r.^i i.s  i  1 ..  n^t  ’  / 1 

the  muKt  .saUHratitiry  «»vc'iSN  are  iii  wliah  the  sne.ui^v  .»  m  -  Mi’.  4iji 

iHunl  «»f  the  ware  i>  learhcHl,  m  \Ui.«  It  fits.  irui;’M.4^'}r  ..  .t-;/.  1  ■. -‘i  4.  m,  ,r.  m4^ 

f»e  necesjiiirv.  Flat  ware,  \iu'h  us  pl.itr.,  rf.  sr>.  1  ir.  4  !■**  /  '  ..  i”*  ■-4"  ir 

t.f  the  <»veiu  atui  liHUhiii*.  the  tiir  af  ihr  nui-hin,:  i-.u;m4''u  |  m,..  «r,  t. 

is  uhujfNt  rssfijls.il.  S»',!kifi|j  4I  A  !mj;| I .i! r.s .4.4.4  .  f  t-,  |  *  »’  •  * 

almost  useless  wills  farthriiw.ur.  ^  4  ' 

F(»r  thirty  hours,  ihf*  u\  ru  si-'i  iiiir  .  III!  if*  a!*.!:’*  u  jw  >  '  ^  t  ss,  ‘  ^  '* 

before  the  enslMbtheu'ilir**  M-mtiifiirr.  I  hr  ite*a  '.jj?  ^  ab  't-  bre  t  ,^i  1  ,  ,n  if>  ^  , 

at  this  {>t»int  tli«*  le}U|»fi,il«ir  mu  4  hr  i.ii'.i  I  ws’b  .;sro  i  n  \  iX<]  *,sr  .';4e  .0'  1..  'ii*.  o'”’  .  ] 

very  carefully  obscuvri!, 

Wiuil  tlu*  firing  is  rniHliril,  llir  iiviit  is  liilt'il  up  jtiii  leii  1*11  ,il  Irsisi  ittriii'^ 
huur.s  so  as  to  iiiiifciriiily.  Afirr  this  ii  uidf  br  |afll,|  it|triif'tl,  aiisf  ririiftia.’ly 

it  niay  he  tnnptitHf 

The  prciducT  is  htHoiiii  itr  iiiiglii/rti  r,tillifii«iirr  ,  it  iiivr4  iisiiiilH'  Ih*  4 

before  UHt*. 

Glazes.”** In  the  niatuifiirtiin*  «if  «tfi!iriittviiT  a  gli/r  nr  gleny  4* 

essential,  as  the  ImhIv  of  the*  ware  is  |iriroiis,  aiiti  r'.raly  Itn  iiiiir*i  ih.iu.  I  aifiliriman- 
gla/.cs  are  firetl  at  a  Miiiiewliat  lower  iniiprraliiir  than  ilir  iwnly,  htii  on  v. 4t 
gla/es  fired  at  an  r\et*|iliiiii;tl!v  Imy  tvmiHnuimr  mr  iiiitlrsiiat’li-',  m  liiri  ,iir  m-  i 
litddt*  to  eraek  and  pi’el  nff  and  air  apt  l*»  hr  |.inisi^tiiiii4  frirtiMr  1,4  ihr  u-*hihlr 
k*ad  salts  ftn’iiUHl.  Readily  liisihlf'  gli/r''*  whu  li  Mr  lirr  iis^iii  frati  liiivr  m4,  44  i.-!, 
proved  eoniinena’ally  silisl.tt  inrv. 

As  airratiy  noted  Ip.  Ifms  ihr  pit/*  s  U‘O'4  b»!  air  i  lorfp,  i  ^  4  I 

tif  .staiif*  of  the*  fcillowiiig :  ttofas,  411114,  pol.i'ds,  « 1*111*1  rlufh  whiooi:,  »h.ri 

clay,  and  one  or  itioir  trail  faniijiiiiititi**,  A^  'iMinr  rf  ihr\r  /abriair  r^*  ,or  4 
ill  water,  they  could  nut  hr  itsrtl  iii  lii«*  iifdiicttv  iiudiodt  nl  apiiHni;:  ihr  /‘-a  • 
tc»  tile  ware  (£/.|  by  tltppiiigl,  aii«l  siirit  sttlnlainr'?  tir4*4,  ihrirh^r,  hr 
intoimoluhk  ones*  llik  rtuiverskiii  is  afirrird  liy  Itr.iiig  intnti  tiigsriliriic^*  *1! 
glmj  together,  thus  forming  iiHiiliihie  siliraies,  altiiitinostlitalr'*  of  Ifoiit  %ihf  .it* 
according  tti  the  siihsfimrtM  fiirsniL  I1ir»  |ifitri*'r»  iiiiimii  uml  ila- 

fused  firoducl  m  teriiieci  a/r//  fp.  iiul. 

The  f»illow}ii|»  .irr  ly|uoi|  Im  ..rAo^: 
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■I-  ,r  14  ^4^ 
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The  frit  ii  pkcid  iti  a  rri'riiinaistn  Idu  .iipf  mhr^ii  f  rj  f-i-.  r'joi 

water  which  granisktin  tl  !l  itir  gritiiiliiioii  1%  piMpriiy  r|fr*ir4  tl-t.  -1  c.,  :,rr4 
to  grind  itie  frit  ficfurr  pr«^|ariiig  itir  yla/r 

EuriArmmrr  gimifi  arr  iMiahy  iiwdr  «i|'  ihr  1  rM.r.if  m 

protMirticins  similar  to  %niirt|  itii  ilir  tir%i 
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A  II  t*  u 


I' I  If  "  50  5K  ,  55  . 

.*5  40  Hi  '  25 

Wlnir  trail  •  ^  25  24  2i  I  20  1 

'  ■'  -  ...  •  4  j 

I  1 

II1U  gki/r  iir  iiibr  iinxlinu  is  gmuiui  with  watf*r  ii\  an  t'Xlrtnnoiy  fnu‘  |Hjwder  in 
ii  bill!  mill,  AKing  rylinilfi'  t»r  rhert  linn!  mill,  anti  is  i'an*fu!ly  siftrcl  IIjrtHigh 
/iiifHii  tif  silk  cir  |4ii»s|)ht»r  bum/u.  It  k  thm  run  into  a  !4un|;t*ri  the  arms  uf 
whitii  aiu  HiUhI  with  rltHiHiinagiuls  si)  us  in  rtimn-n  any  iulvrnlitinus  partirlus 
Ilf  irtiiu  ttr  ilu'Hi’  pailii’lrs  mav  br  rumuvnl  by  running  llir  gla/r  slip  ihuiugli  a 
iHiiigli  tittud  with  puwrilii!  magiiris. 

If  } .  ii‘»i«lj5l4  tlif  I  M5innr.if}*(tl  *4  llir  gla/r  *itMli4lrh  il  llir  Ufil  if.ijll  *  4ir  ilrniirti, 

llit.  Ik  .ill  ills  o»|wsUijjl  4.  gU/r-j  il**  iit»i  Im  !«'  tli’ltiulr  t  !iriuir4!  r<i«it|nnisii|«*, 

i.«i  .Iff  ‘t  flu*  ii.iiiur  *•!  •««r  «lri-«4vril  in  SMliiitun  “l,  It  t  .  .iip 

i  I V'U*i|-.  mI  lirljwlr  iS »in|»uiiip|'i  Will  Imiw  ifi  ||tr  Ulil  iv*  llir’ir  ilr’ilna*  il  -  vnlur, 

(hr  |:i4;<  ssi.ilrf  I.  <  nrfitl  |m  l«•|t^|tng  sili  It 

1  III-  rfir.  !  Ml  !tir  ltJ|*rr*i|rlll^*i  mJi  imi  ||  ullin  I14  »  illnsitly  l»rr«  WiriiliMliisI  f|i.  lllitl 

tlirif  1% rMtii|ii}’»iltM||  4fr  -«»  riiiii|4r\  u-i  Im  Imiiii  Mijr  «»l  llir  i  hirf  si|Ujril*ii  wlili'h  4 
i:ri4lllir'  i'isriiii%l  IIIHhI  .fitily,  r^tnillv,  itir  gtrAHlf  tlir  nf  liiPtiiHir  n\|i|rs  ti|  uf  Imtuat' 

,irp|  Mf  lit  4  ilir  Itittrf  will  Ir  it  i  pMiitl,  hill  tiiltrli  «lrprmi'i  iifi  thr  itilftitr 

mI  fhr  iiiliri  I  Mii'sljfiiPiiHi,  Wlnir  Ir.tti  k  itir  rinrf  aiiil  flti^  riiiplMvrti  t»y  puHrr’t  ill  Itir 

liinUilillMii  nf  rwilllniWiiir  4tnl  lliMitgli  tiiitiiv  .iilriiipt'i  hmi  iintilr  U*  it  -  iisr  itiw 

fi.n  Mi»l|  pfirtrtl  |iiis^il4r  llir  gliri-aiir'i'*  m*  *iMtnr  ttliiri  stnpnthiiU  rliiirrtrlrt'iHir  hI  fhr  gla/r 

li.t’i  hrril  tsitliallv  llln'’ri|  Hir  11  .r  nf  laHlIIII  Ilif.  I  \4lintt4r%  Irttt  lint  Hllfln'iriUly 

*1.4  |4S  ntiiblr  llir  U'^  <4  Ir^*!  Im  hr  »|l  «  4t»lr»L  lllrfr  i,  fMf  *iii  r^triniHr  lllVr»4}g4liMn  4'i  !♦> 

wluil  rlrinmh  if  -iitV,  *  irphnr  Irsnl  III  r4HlirliW4lr  |»l4/«*s  j  rtf  iiir-irilfi  11m -niti^tfiarr  i*i  ktiemii 
I  -  rtitiirh  f“fy  ha  ibn  |iitf|Mrrfs 

c;ii4/r  is  appliril  In  raiihimwan^  wtlirli  lia?i  lirrii  ftml  (liiMniii)  by  clipping  the 
.iilitir  mill  itir  yla/r  slip.  11p*  tMiihriirn'tin^  is  piiimis  iiiitl  iilisnrbs  the  water  in 
llie  slip,  It  avitig  till*  ailii  ir  1  nx'rirtl  %vilti  a  linn  riiitliltg  nf  gliia:  iriixliirth  Morliiniinal 
ilippiiig  aiiii  glaring  appliaiit  rs  mr  sitiiiriiinrs  iisial,  tint  skilful  linmlwiirk  is  linllrr* 

Tlir  wair  is  »il!*iWfst  In  iliy  aiitl  is  ilirii  ukrn  Iti  ttii?  kiln,  plaml  in  iagger^i 
anil  iiif'tl  liiiiil  Itir  ^km*  lias  I’lisnt  tn  a  iiiiitbiiii  glassy  riivrriiig.  Any  iiipiitirl 
loiiiiiig  III  rniiwii  II  glst/i’d  Mirhttit  will  npnil  llir  klirr  at  ttml  finint,  and  it 
Is  tlirtrliift*  iirirss.iiy  iti  kiT|i  tlp^sr  pniiits  nt  tainliicl  m  imall  Hi  pnwible  (ire 
Srtliiig 

ifiiitiig  ihr  %rrMii*l  In  llir  kiln  wlnrti  ktiHWit  m  itiairrkh  fi»riiiia|| 

fhr  hr#  Im  4  gk'is  ntnl  ri»iiilfinr  siiffirinilly  wiili  iltr  ttf  wliiiii  itir  wan?  w  iiiailf 

I.  ikiMk  A  4#llir'4vr  iiii4  ft  Itih*  rtafliig,  *ir  gk#r,  litt»  1  isirflirirni  nf 

iippiri’nihly  «|jffrirfii  fn«iii  lliat  *»f  llir  Ipitlr,  sliatii*  will  l»if  *rl  up  in  tmlli  Irnity  iirnl 
4t»il  llir  litiff  A|||  Ml  |#rrt  nth  ClfiiliwfiH,  *!«?  tratisisinttil,  tail  t»prti|tm  gkirs 

irnrttnri'j  rtfr  *4  utirnipr*.  M%ril  ill  llir  p|Mt|||4ilMft  nl  wllitr  warr  fi’Mtfi  1  Tlir  a%iii4l 

Mp.si  iping  nirUniMt  ih  ^  %pl*  *4  till. 

Up*  lidirs  ir.rif  fMi  Umg  gU/nl  rAfiliritwatr  4fr  mC  ihr  tatiir  ly|ii*  a**  ti%rtl  f»if  hntniiig 

/  Ism  wig  hst  4  kwri  !riii|frMtMfr  1*4  fr»|ttiir4  Imi  iIip  gl*4/r, 
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The  di't-Jit.iiiun  i»f  i-iuihenw.irr  tiKiy  Iff?  rffei'tw!  in  varknH  ways.  ’Hh;  hotly  of 
the  anitlf  itwy  If  iiuithllftl,  tiirvwl,  t.r  n«»  as  lt>  form  an  attractive 

ticHign.  (’iiloiinti  fliiy.H  may  ho  «i««l  t«>  form  «»»!«•  portiimH  !>f  the  artiflf,  or 
tlrsijiiH  may  In?  "  jiaittfeil’'  or  sprayrd  on  the  ware  with  Hiiitalilr  itigimtJtH. 
Wlurr  large  tptanlttk*.  <»(  ware  with  lh«  sairri!  tU-sigiw  are  rft|iiirftl,  it  is  tniMomary 
rn  tmv  the  l■l»lours  with  a  ?.(fr)at  t«l,  then  to  use  this  mixture  to  print  the  ilesigns 
tin  suil.thh-  jajft  and  to  transk-r  »t  lt»  the  ware,  This  is  kmtwn  as  "  pruning.'* 
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The  .ppliction  of  th«  a>I.«.r,  mjy  .'u, 

th«gted=«ha™>r..-W.>;.-J«»™™  . . . . . . . . 

Ofihcse,  iht  firsiis  in-. ii  i-  . . . '  *' 

the  overglaze  decoration  i'*  the  Itasl  ilu  ^  i  t  i  * 

ovorgte  »ork,  tl»'  "  1  . . 

. . .  .  . . .  "’ 

widest  possilile  range  is  thus  uhtaiiicd. 

*  *  .  *  *«.l  sitikf^-,1  Itiipriillfir  »i!ii 


lest  possinie  range  ih  i»u'^ 


(iiw  ingffi  /  I 


a  ctmvenient  than#.  Tht;  wt<m»  i-.  "tl.l.lrt!’*  t«).rt  iiuu  i.  *<•  <  “•  •' '  ■''* 

r«lat!o(uhi»  Iwiween  IhrcuUHii.  atuued,  »n<l  ih^i  >*  >«*•  wti'n  >!”*  *■»•'■  ‘  **'*■'  '•'  '•  *"■ 

om,  underglaie  dwraiiun  rrnwir*  gf»'iu  tkili.  «h>*  »■«*'-«»  4  »i,  f 

ware  h  nest  hi*«l«sl  »<t  *  dnU  fcdnr.*  m  a  jaeVi-.n,; .  i.*mV« .  i  V  iSn  . .  .  ,»ih 

offlhetutpcntimi  anti  any««h^r  nrg^nif  mstirt  j.frifni.  *>*'->  **  »<  •  s'  <<  l  ••'.  fci»s’-.  »  '  '  » 

gent  to  the  gU»t  oven. 

InoTcreUuse  decoration  the  '.ame  inetlt.nl.  me  ewpHe  l.  t  .u  the*  tf  »i<)  h**! »  i  ^  g!*«' t 
v.are  ingtead  of  to  the  Uiscutt.  tlwing  to  the  wMr  <*»  ;'»«'•»'  t-.o'*-).  >  ...  .^.t 

heatetltomt.rfthani>ot>‘l%  The  »»e  hiirly  grown!.  4I»-1  il.en  .uti  *>,!..  .  .<  .. 

Re.1  lea-l  t  P*'** 

Bsifax  ^ 

|/|illl  I  1*411 

Thi»  iajc  k  really  a  tratlily  imhh  »ft4  lU  «  •a  in  i 

as  to  covet  anti  proteft  it,  awl  t.t  give  a  h«i*h  «heie  thn  «  ie.|  i.»-4 
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The  painting  n[  overgla/.c  wc^rk  is  easier  than  that  of  untlergla/.e  as  the  cok)urs 
change  Init  slightly  in  the  oven,  and  losses  in  firing  art*  vt‘ry  small  It  is  specially 
used  for  heniliiic  ware,  giltling,  and  ft)r  many  t'laHst\s 
of  pottery  bearing  elaborate  chromo  litliographit' 
designs. 

<  ilcniratet!  ware  k  usiially  ftrec!  in  miifflef,  h«t 

sfvrral  tiimn  whti  have  usetl  ii  Hitiiple  fbrtu  cif  timnel  kiln 
(Fig.  n»|  havr  foyinl  it  amre  rctijK»ttiioil  anti  sati.sfiirtnry.  In 
this  kiln  the  are  pkreti  in  irt»n  hwketH  ur  <m  ^nutll  curs 

at  tifie  end  ttl  the  Uinnel,  iintl  are  inyved  ftirwartl  until  they 
reit'h  ihr  rentte.  Thin  is  the  htUtest  part  id  the  kiln,  and 
m  wtm  *is  the  ware  h  fini’^hed it  t\  myvetl  forward  tttwarfhi 
llic  titlicr  rnti  «f  the  kiln.  The  temperature  of  the  wiue  then 
fiilN  grathuilly,  iind^  on  rrtiioving  it  ln»m  the  kiln  it  can  Ih- 
handletl  wiihtiut  itieonvenience. 

The  hrating  it  effected  in  ♦iueh  a  kiln  in  a  rcinarkahly  unihunt 
anti  reonomical  manner,  iiiifl  the  |»ra<lu;d  rine  arnl  laU  in  the 
tftiiprraliire  tif  the  ware  conducive  to  .Hatisfarlory  re^adtH 
rtJiipIrtl  with  a  large  oulmit.  Sucli  kilm*  ate  heller  than  the 
otie*^  oidiiiarily  u»»rd  ft^r  Ihi^i  of  wiuk,  hut  they  rrtiuire  a 

large  ouipui  it  ihry  *»r  to  t»r  workril  rroiumiiciilly,  'iunnrl 
kilii%  are  uned  to  a  ?tinall  e^iriil  lor  other  rkcitrH  of  ware  iit  which  much  higher  lemperatureii 
are  rr«|idird,  and  *ioinr  polfrr^  romadrr  that  they  will  he  y%etl  very  tvtenHtvrly  in  the  rtear  future, 

For  further  pitiiiriiLif*^  tui  ovrrgk/r  drroralion  see  the  \ectii»n  on  Porcelain  (p.  lH9h 


h*n;.  20.«-(‘olour  Mill. 

t/«*r  nm»i^MV  It/ 

/*,  ITtiiifit  t'*  i\\) 


PROIlAliLE  IT^TURK  FRC)r*RKSS 

Kci  lir  IIS  tMii  be  iiHfrihtiiiccl  progress  In  ciirthcnware  manufiictiire  wilHte  in 
the  tlirertion  of  more  rronomiciil  imd  iiriiftiriti  litmting  n(  tlie  ovens,  iind  in  the 
filiinchirtlisiition  of  existing  mclhfHlH.  The  imTciisingly  keen  competition  in  foreign 
itiiifkrts  iircissiuiti's  ihr  rrdih'lion  of  nil  wiistc  to  llic  lowest  possildc  limits,  and 
iruiy  not  tmprobiilily  result  in  ii  series  of  **  iimidgAimuicms  whereby  full  iidvantaf^e 
can  be  giiined  from  the  use  of  a  large  iniiiiber  of  oveui  ccinnected  together  in 
inch  a  tiiaiiticr  that  the  bcii  jioisililc  usu  is  miide  of  the  fuel 

With  rfciiiifig  hifigirl  ovens  |t|i4ml  Miwic  dhtitict  iimrl  ihii  wasit  is  ttriaviiidahle,  Impriivements 
ill  gfinilifip  anil  other  iiiaclilnery  ami  Iti  llit  irailti  iuWtlkry  iti  the  manyfecturc  iif  witlery,  inch  as 
coliwr  iiiikrfw,  fir.,  lend  l«  Ihr  dittiiniliiiii  nf  intltvifltiallty  in  difltrcnt  firiiti,  and  Iwmce  cnrift'irnilty 
to  rt  liwitcil  ftimilicr  tif  rtwidartli,  Tltii  wilt  further  iiuicl  i«  rtduet  tht  ©eits  of  imulttctbti,  hut 
Will  Mitniltweiitiily  llte  value  of  the  ware  hy  rolililng  it  of  wiwei  ai  tcaiti  of  Iti  iwtif  hltiillty, 

Tilt  krg#  imfiiiiii  «f  rtitirch  work  now  titlng  cirritti  on  in  cimriectlon  with  earthenware  anti 
tjilirr  |»tiifiy  itiifii  i<»  iiicrf»i€  ilie  ntiititier  iif  ctiouri  intl  wmm  amilalilti  intl  tti  reduee  the 
firofioriioii  «f  ilefcrilvt  wtrt.  It  ii,  however,  in  ctstly  mi  m*  rbky  to  intkt  anv  t|ipfecmhle 
alteriiion  in  the  of  mantifiiciiirf  that  ftw  firmi  «f  pre|«retl  to  il«i  thif,  io  thtt  progresi, 

lhiiii|h  ^ie»«ly,  It  mmmmllf  very  iltiw. 

1  fir  rtfiialginiatltw  «f  lifiiti  itilo  grou|»,  or  ihrir  repkertiirril  hy  rowch  krgrr  tmri,  li 

nrfriiaiy  if  full  wlvafiitge  l«  i«  m  liken  iif  ciinimyowi  (luiind)  kilns  and  other  niodrrn  ipplknces, 
especially  m  very  large  tiiiiptiii  ipivar  lu  lie  eiieiitk!  hi  low  coits  of  proditctitin. 
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llv  Airuiiu  B.  Si-'Aioj’ 

C  ‘  •#!  / #1 .  /  /  #/ . '/ » ;.n  f,  ^  i s* ^ i 

1,1  IKR.vri'RK 

A  \rn  ti.rlul  |i*i!  *4  ,tit4  j-atru-tl-^  mu  iljr  lri'ltti}i,}|  44r  mI  |nii*r!4tit  iii.inyJ.ttiujr 

|»j<fer||  tm  I*,  I  O  ;  4  iiiMsr  CM|it|4rti’  If4  i*  in 

\  I*.  NicapII^  ri*r  t  wtiikn T  I  I.MfplMfj,  liill 

riir  »lr*Mf4itMii  til  4,11  .r'4liriif  *4’  virw  I'*  tlfnilt  %%tth  ill  4fi  rnMniiMijH  iniinitri 

t4  |*a|m  .iimI  llir  iitu'4  iiii|t!»ti;.iij!  uf  ttliinli  will  !«-  ImmipI  m  * 

Sn^|tl^,  *“  <  Vf  4IIIP'  I  tllrt.iUnr.'*  iii|;n 

Brill, i  I-' LAIN  tH  Ihf*  liotilrHl  kiild  of  fiollrry*  tin  frillliir  filing  llir 

liirrir^niiin  nf  ;i  iiiiprivHiiiH,  traimliu  ml  for  mtiii  Iraiiniormii  Botty. 

Him*  ;trr  ficiiiy  V4iirlirs  f4'  |»uiirLiiiE  •naiir  iit  tliinii  dilliiiiiii.  \iiv  widrly  tfoiii  thf* 
tiiliri'n  till’  I  lilrf  ulirp  lirilig  Oil  Iniiit  |ioir«  lain,  tn  Irijilri  j»i iirrlinc  0  )  cluEil 

i»i  litiiti*  |H III  fi.tiii,  f*/i  I’.tfi.iii  1.U1H’  .1  \»innv  t»f  iiiigLi/«'t|  linri!  Iin 

%l4liutiy,  vtv. 

tlir  gritruil  r|i,iia«Tt‘i of  ihr  v.itioiEi  fliiiiin  lia\t*  Iti^iit  hijiily  tlrsniBril 

iiiiiin  Pottery  cp.  15^1. 

Raw  Materials.  CV##|#  o4ir  rr  hhfim  i*i  oitr  of  ihr  rtiirf  i’iiiraiUirtiEi  til 
fiaiti,  amt  ihr  t|ii4liiy  iif  ilir  mtiir  will  Viiiy  am  tiftliiig  to  ilti*  jiariinilar  <*ki)‘ 01 
tiiiilifi  llwiL 

Pi^rii  wfirti  lltr  :tetltiP  tllsllrfisil  i*  iii  tm**  ^itlrl'riirps  iti  tlir  iif  fItiM 

«f  III  lilt  Ilf  lilt  Will  |;iint|iitv  tiorlirii  titllrirfim  iii  lift  i-milliiiil  mill  t\m 

*4, ill  Ilf  llir  twirrlAlft  iiimittfittiitfrr  tiifi*l|)  In  tiiittwH  flir  lir%i  i«t?  of  litt  Itiitieililii 

i¥4ikl4r‘  i»  iiliii, 

til  kmiliii  oertir  tii  pum  tif  llir  wtirkl,  Bir  rnciHi  fafiioim  litiiig 

iiraf  llriiiii  iiiit!  ill  Ck*iiii*itiyi  lit  Vrtrii^  iinir  liwogr*!  in  Franrr, 

itiifl  lilt'  t'tifiBili  itiiiii*!  tiiiy-M  iff  Kiiglaiiiti,  11ir  CM^riiiitn  kiiuliiis  iirr  litigrly  drmrd 
Iriifti  |itirjiliyry  lliitiigli  wmtf'  iirr  tnigiii,  llii*  Idnifii  kmiliiri  mv  tlrnvrci 

fniiit  4  ir‘«  of  giirifo  l|»rgiiialtlr)»  4IhI  llio  rtiiini  rliiy^i  liavr  Bern  fnrititTl 

|i|‘  llir  4*’*  uf  gtaiiitr.  dittnor  iiiici  Jiiiiiiiimr  |iiirrrLyiiH  havt*  Br*ii 

Bililoirr  for  tliail) 

E*  lint  4|r  wl.ilr  .<4*  *401*.  4tlir|  0  ullirr  -411*114)  III  I  iilnl  Irxlttlr, 

4n  I  r%ri.  i4»  4r  4'*  fr|.;4i4.  lE?'  |..  r  »’'l4tii  fiMfit  iltriii,  l<tit  ilifit  i  Intciiirf  I'fln  1  air 

railji- Im  |*4si.  *i  iliaiisil  ipiirH  *4  i  In ,  Wlirii  \%  t  iBrti  firr  Iririit  llir  r«*4i*iri 
r n  kiMiiii  rti#4  #  Inn  n-r  ?  am  1 4 1  Inrlly  ?»i  4ii  alniiiiiimiti*  n  it|Af}HtJ  Bir  1 

f  m|  aIip  to  «  <  4f 'j  il»Oin‘  lliinrial  liOnltlirr,  |f|  iiiimI  i.inilifrs  iL«"  |i4ltlt  lr\  4fr  *til  llllfllllr  fllilt  II  Si 
.4lii  'j|  f.tlilr  I  <  4%^  rfi4ifi  wEOlirt  lliry  atr  i»f  amMffitsMio,  4t»t!  llir  Iniglli  *»|  liiiir 

ijvr%  irfiiAifi  iti  wigrioiMii  In  wairf  ti4*!!  if-i  i’»  il«r  lirjt  »ii  iliiif  itirv  art  |aillv  «s4t*ini4t  in  fiatutr. 
\|n»|  fcjsniiliv  JikiiM*;  i|r%Mi«i  *4  Till  llm  diffri  *  firAlU  in  llarr  «4  V4friii» 

i1ii%  Im'k  mI  4ttltii|trti4lir*i  llir  I  aoliiii  fiir  |44'*ir  rk)  ♦  attti  rtnr%4l4fri  ili<* 

f»!  rmfiirwlint  tltfl'*  I'rfil  sttrnisfiB  **l  iiniuwkt  titrr. 

Iff  ipinUto  4«4  ilsiiii  ibyt  llir  f|it4ft.%  frh|t40  mi*“A  »i«ii  t^nir  nu 

I  illir  t4  wErll  iOtraii*  Tltr*.r  fitry  Er  kfgrif  watliilir  *4 
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elutriation,  but  even  the  refjnecl  pnHiurr  ctsnfiiiii'i  itpiiiinh.  «i  n*  iiii|niiiiir*i.  S..mr  ni 

the  kaolins  used  by  the  C'lunesc  ccmtidn  25’jtj  prr  rritf.  «tf  ititra. 

i^?/.r/^r““Chiefly  from  Norway  is  a  typiral  tif'  poirrliiii,  in  wlnrli 

it  forms  the  chief  flux  and  tlicrchy  gives  translin'nii'y  in  ilir  w,i!r.  It  1**  a  liartl 
rocky  material  compostal  of  64.8  per  cfiii,  iK.j  jiri  rnst.  afiil  10.11 

per  cent,  potash  or  an  e(|uivalrnt  hast*  Midi  as  %otla  of  liiiir  fsi'r  p,  loi  1, 

There  is  a  ronsklrruble  vatiriy  of  IrKpain  i»f  ’.latilif  i  j*  Irtraji  I  iif  ihlirtrni  * 

The  figures  just  nuuitionnl  reter  l«»  Ihr  \diirty  ii**  t*r!iioi  lair,  mini  li  i.  il?.r  4  nr  rlnrilv  ntri!  m 

jKJttery  inanufadure,  tlmugh  |iliigiorhi*'*r  frlsinif^-^  nrr  *41*'.**  ir^nl  Im  4  r%iriii. 

Cornish  siont  or  thina  ytono  is  a  Irlspalhie  iiialrrial  orriiriini:  m  aiai 

used  in  the  manufacture  of  Mnglish  china  and  stmir  gla/m  li  ci  Mippu-.ftl  in  I  »■< 

similar  to  the  Chinese  iV-/##  Ac  aiitt  Oj  the  hinidi  hiii  iliiirr) 

them  very  considerably  in  several  itii|iuilaiif  rrspi'ro*^  ami  r^pr*  ia!h  m  firahiliii. 

The  varieties  of  Cormih  Mono  rliirtiy  iisnl  a  t t4iiCf’4tP  a  r.^tr  .| .  e,  #1  l-rf  ,r|i, 

fKitash,  iB  pr  cent,  alumiiitti  and  70  in  rrfit.  jalitit  I  r  ir^'^sCra  .1^  ti  ^  1  ‘rh|  <^1  4 

«|UiirU,  though  artificial  mlxuircs  t4  ihrsr  imi*  iiiiiirta! .  il»»  ll♦4  pc  dri*-  *p,ii**  C-**'  jrv,/'.. 

Quarts  in  the  form  of  whin*  pomtlrml  01  en  nod  |!?n!  r.  ir-rfi  u* 

reduce  shrinkage  in  the  ware  and  lo  jirnvidt*  ihi  ir^iirdlr  aiiaami  t.|  iirr  'ho 4 

(p.  163). 

a  complex  inagticsiiini  siliralc  i*»  iisnl  in  llir  pnnlin  |ii'<!j  «fl  ^mir 
porcelain  such  as  insulators.  Il  at  is  m  a  flii\  am!  also  im  fi4%r%  ihr  pl.isiiiiii  i^i 

a  small  extent. 

ChiM  or  some  otiirr  form  of  ralriiiiii  railiriii*iir  is  largrfy  in  llir  inaiiii 

facture  of  hard  or  true  poreakiinn.  ll  lias  a  |♦«lW‘rlftll  iiifliieiiir  in  rfh-iiing  itic 

fusion  or  vitrification  of  the  body  fHci*  {c  ifnb 

Sfa^msitittn  nmgneituiti  carliofiate,  i»  cirruMiniallv  used  »is  *i|Mtii4l  siib%iiiiiir 

for  chalk. 

6V<%  or  ground  biscuit  ware**  k  rcmvriiirtitly  iisnl  in  sniiir  |«»or|4iii  1* 

is  also  convenient  for  inlroclutdiig  clay^  iiiio  a  Imtly  wiitiMiii  rtliriinii  ilir  iiy 
mokture  of  the  other  materials.  Ii  sinijily  pf  t  lean  |iirrrs  ^4  iinglairti  w^ir 

which  have  t>een  crushed  to  powder  (%re  p.  ibji. 

Horn  ash  ii  prepared  by  tieatiiig  llir  ipsifirtl  biiiirs  nf  iinii!  *1  wliitr 

mass  b  obtained  which  is  llittii  gHiiiiitl  !«»  pt^wdn.  It  »s| 

phosphate  with  a  little  ciilciuiii  cMrlitiiiiite  iititl  1%  *1  iwiwcfliil 

As  a  ccmilijuciit  <tf  fnwTliiii  il  givr*i  l«  ilir  |«*%ir  4  pkaiitiH  fiilli  gff*i  m  ili#i  ..'4  lsa#4 
|Kircelam  combmed  wiili  ilic  «iiir  fiiiinr  nf  rnl»  tit%  «*  utr  ln$  iltr  im4*r:Um* 

Porcelain  B0dics.--"As  f^tutwl  on  p.  154,  iiiitiii  %-mmmiui  imurrliiii* 

and  their  corn|X>siticmi  vary  rorresptiiiiiiiigly.  It  oi  ilirfripfr  m-rrmmf  in  i 

each  ty|>e  of  |>orcelaiii  sr|i*irately. 

Hard  porcelain  it  wide  with  a  Imdy  nmipmml  1  tiirliy  of  lanliii,  frl%jiai 
iluartet  the  proportions  of  each  ladni  iicl|tiMftl  l«  pfi^liicr  ilir  ilmfrtl  rfrri 

Typiml  ftikt«r«  ciinilit  of-- 


i 

i 

firt'ir.. 

t  ‘  i*|#sr  «# 

Kicilifl 

■  I 

ff 

41 

Frlipr 

■  ;  J« 

41 

14 

Qaarii 

.  ’  *4 

ii 

The  large  pfO|»rtkm  of  clay  an«l  ilir  of  ir#  ibr  m%rh  f..#  Unipi  i^4<rUm 

aredaeto  ihe  fict  that  the  Stiiewlii  kmlm  ibtir  p  w  mk  Im  ti*»4  Ibp  mmUff  trilk 
»rrespadt  1©  a  ^rcelala  »iaiir  of  day  ||  im  i|  |,*f  fft,t  *  •r»i| 

at  percent.  From  tWi  it  will  t#c  mm  Ihil  Iht  »r  frb|«#  4u4  mml  4r|irf»4  ..ii 

the  proportion  of  cliy  ittliilaficc  in  the  ktoiki,  tlir  lf%%  |rk|^t  i|,r  hm4m  mill  fbr 

porceWnhetebariitbttt  the  »«c  rrfiiliiit  will  it  I#  in  1 w»tr 
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more  clay  h  iisnl  I*or  very  large  articles,  ground  l»iscuit  porcelain  may  be  added  so  as  to  reduce 
the  shrinkage  withtnit  altering  the  composition.  If  tlie^  proportion  of  the  last* mentioned  material  is 
large  it  may  necessary  tti  adcl  a  little  plastic  clay  tt>  him!  the  particles  together. 

Fcir  electrical  purposes  (insulators,  etc.),  luircl  porcelain  is  extcnsivtdy  used. 
For  this  purpose,  it  must  he  ftrcHl  at  the  highest  ttanperature  possible,  and  the 
wart*  must  be  rich  in  sillimanite  or  similar  crystals.  Owing  to  the  demand  for 
specially  efficient  insulators,  the  best  oi  these  art*  now  made  exclusively  of  duna 
clay  or  of  steatite,  and,  in  tlie  ease  of  Marquardt  porcelain,  of  china  eday  to  which 
alumina  lias  been  added  tti  make  it  more  refractory. 

Porcfkin  uwd  fbr  oleciririd  suul  it»me  oUmr  rnginrrring  purpoj»t‘H  musi  he  made  with  npecml 
rare,  mid  %errwH  am!  t»lher  fiuingH  muht  be  idmo*a  a%  iitTuriUe  as  if  made  in  mcial. 

The  gitizes  used  for  hard  porcelains  are  eomposed  of  the  same  ingnxlients 
as  the  hody,  hut  iti  difTerent  proportions,  and  chalk  or  marble  is  sometimtss  added 
so  as  to  obtain  a  more  fusible  produel. 

A  ivptral  glii/c  bard  puierbun  i\  that  «»t  Srirv.,  v\hitdi  i-.  made  <>f 

Cbniiiid  h;»d  |M*rer!#uri  **5  iHire*, 

quituf/  ■  ‘  „ 

i1mlk  i»i  nniible  *  '  »  3j  ,, 

i.!i  that  «*t  the  l\«>ya!  Ilrilin  Wciik%,  whitli  h  made  of 


l‘rl‘.paf 

Km4m 


K  iiailH. 


Marble  - 


57  parts. 
'7  »i 


Glassy  porcelains  are  of  little  or  no  intiustrial  importance. 


fiwile  lit  Friifirf  wrrr  rtutipmrtl  i«f  n  ridoirnaei  «*lay  *ir  niitrl  with  a  large  prr»portifm 
lif  itiiilrfiiil,  and  rl«»‘4rly  WHeiiiitlr  gliwsr*  nl  a  rimiple^t  eliararlrr,  In  **nme  eaneM  «i  hule 

rky  w#rt  ii%rtl  llial  tir^lriti  IiimI  U*  lie  iin^rtl  wdih  llir  Itudy  it»  civr  it  the  nrernMiry  oihmun.  The 
laiikiii**  /if//  iffttirf  Srvtm  mws  ritadr  by  Irilliiig  fp.  iba)  fMgelbrr 

Sand  t«».o  paiCi,  Alum  j.h  parts, 

NiUr  il.h  ,,  V7  i» 

Salt  7.1  „  Si4i  J.7  „ 

and  tiiixiiig  the  frit  ibti*»  n^iili  dialk  and  Argeiiiewd  ittiit!  in  tlir  bilbtwing  prii|ii»rtitaii  >" 


Ffil 

f  'balk 

Mail 


7^  pifl*. 

17  *» 

«  » 


Hif  id  ilik  pifrrlaifi  ii*#»*«ly  feteniblt!*  itiiit  of  plate  gkw. 

11ir  giitii  f^r  |M*rtirl«ifw  irr  ititicli  ftiorr  futilile  iliaii  ttuiwi  fm  bird  |itirctlisin«, 

iiiwi  fr%riiil»lr  ilir  gk#«  intd  f«f  rttltwfiwiife.  Fttr  bfeiirti  «»r  glii»y  |i*irci?lain  1  typical  glut  miy 
|.te  tiwdr  liy  ftiiiitii  tcigriiicr-- 

liiliaigt  |«rl»i  b«i»%h 

IA:irit»ifirlilriii  37  1,  ;  Hotk  * 

Plitil  •  »  If  ,,  I 


15  ptrls, 
9  M 


giitttiiiif  llir  fifwiiiti  ifiti  itiiMitig  if  willi  WAtcr  Iti  form  a  dip. 

I‘'i»r  bone  china  t»r  English  china,  th«  hotly  is  now  comimsotJ  of-— 


« ’liifiii  rky 
III  ♦nr  ad  t  ’ 
Utitia  111  llir 


JO  |»rts. 
IS  M 

JS  »» 


Wiil«^  vaiiaiions  oerttr  m  rliina  obtained  from  different  works,  particularly 
with  regiirtl  to  iltr  |iro|M,irtion  of  bom*  :ifih  and  chirm  stone.  A  little  ball  clay 
1^1  al'Sfi  iitidril  by  poticrs  in  order  to  tiirreiise  the  plasticity  of  the  materiil 

hmnf  **i  ilm  r»fiic%f  Ktiglidi  rliiiiiwafe  a  dme  ffciefntdimce  to  French  |»rcrWii,  awi 
If  wm  wlirii  Hfn^ir,  dmut  llie  year  alAwlenrd  tlir  ii»e  «f  gk>i  ihii  iriw  Engliih  china 

iiiAfnifefiitfrdt 

Ai  t«i«  limp  or  aiwlhcr  almost  evory  varifly  of  jaircflaiii  has  l>een  manufactured 
in  Iviigland,  hut  what  roust  1«*  regarded  as  true  English  chinaware  is  made,  as 
staled  alrove,  of  tbma  flay,  Cornish  stone  attd  tionc  ash. 

A  tyjwal  glare  for  *ut.h  English  or  Imne  fhina  is  made  of— 


LVDrSTA^IAL  CI/EJ/ISTK  V 
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KKIT.  I  UlA/l'.. 

China  clay  -  12  |>artN.  Frit  ^  C15 

Quartz  or  hint  -  15  ,,  >  C^^rniHli  slMiir  U 

Cornish  stone  ■  2i)  ,,  FliiU  II  ,, 

Chalk  or  whitiniJt  •  ■  uS  ,,  W  hi  to  Inn!  IJ  »» 

Borax  »  -  '  *  35 


From  this  it  will  he  ohscrveci  that  the  gla/.c*  00  I’higlish  rhioawan*  hears  a  very 
close  resemhlance  to  that  used  for  the  finest  Fnglisli  cartluaiware.  It  d i tiers  lehs 
from  the  composition  of  the  htnly,  hut  the  presence  of  ksuf  horax,  aiul  whiting 
have  so  great  an  influence  that  it  is  difficult  to  fiml  any  resemhlance  between  the 
composition  of  the  h'rench  and  Fnglisli  gki/es»  and  those  used  on  the  luird 
porcelains  of  the  (Continent  and  the  isast. 

It  is,  in  fact,  largely  owing  t«»  thk  dhlerence  in  the  aiul  ttrliaviuiii  f«|  ttir  gUir  ilnii 

English  and  French  porcelains  pussciH  so  few  of  those  *i|»ci*ial  rltafiir|rri'4ici  wtnrli  irwlrr  Imid 
porcelains  so  valualue  both  iCHihetically  and  for  M'ieuhlic  and  oilier  |nif|iunr**.  1  hr  gla/r  on  a 
hard  porcelain  so  closely  resenddfH  the  more  fusible  porliun'i  of  lltr  iHiily  to  wliiih  n  ii-aiiartird 
that  it  has  Iwen  aptly  compared  by  W,  Burton  hi  ihc  skin  t*l  llir  itiifiwfi  bt«i)  l  ttir  ‘aiiir  wriln 
comparing  the  gWe  of  French  and  Faiglish  piircrkiit  m  a  ligliMiiuii|»  gainirni  of  miirrly 
different  composition  from  the  body  which  It  chilhes,  or  lo  a  vaiiii*4i  ownmi*  applirii  f.<  an 
article, 

Parian  ware  is  an  unglazed  portadain  wliielt  k  mlitiinthty  siiilrtl  !*»  the 
production  of  statuary*  It  lias*  Imwever,  aKo  lieen  gla/rti  wiili  a  similai 

to  that  used  for  earthenware  or  lame  cdiina,  and  then  used  wiih  greal  Mierrs?.  in 
the  manufacture  of  table  ware  and  vases.  Bckek  porcelain  ihe  only  jiuiceltiii 
made  on  a  commercial  scale  in  Ireland  is  a  gla/ed  Farntii  wair, 

According  to  W.  Burton,  ghi/.cd  I*afi4n  wair  ri}rir‘i|i*ii»b4  r^4rlly  U»  ihr  t  liiiir-tr 

soft  piiHte  porceluin,  for  which  kbiiloux  prirc’'*  wrir  at  »«iir  liiiir 

Parian  body  should  he  made  of  the  same  irialeriiil  m  inn*  jiiiicrliiii,  llitiiigti 

the  proportion  of  felspathic  material  m  imirh  higher. 

A  widely  umcI  recipe  rccommcndH  Cliiimclay,  t  purl ;  fcispn  3  piitei. 

Thin  is  much  more  fusible  thiiii  titir  li.irtl  piisir  perrcluiii.  S*nm  tswkrii  iiir  thw 
with  tm  ctpml  weight  of  whiir  tand,  iimt  otliei  imvr  lord  |♦lrtv-l  ^111!  nihn  iltnri  in  ilir 

manufacture  of  Pariim  ware.  In  one  fiiiii,  itie  I’iitwii  k«ly  r«iiwi«4t«l  «i|  r*|tiAl  wcIgliCs  *i|  h^fd  |iiv.!r* 
ami  glaze.  C#reat  care  k  however,  frt|iiir«l  in  the  iwr  nf  lliwr*#,  m  llir  W4fr  %%ill  h,t\p  ,111 
impIeaHimt  greasy  die  rxre*i%ivr  viifitii  iiiioii, 

Like  other  porceliitns,  Parian  liody  has  so  lillle  pLisiirily  ilial  if  is  ttillieiill  lu 
manipulate,  and  tlie  best  resiills  are  imist  reiitlily  nhiainrd  by  t  ji'dtiig  fp. 

Tin*  shape  of  the  articles  tinea  lie  wiiliitt  rrrlitiii  liiniH :  pi^jn  ijuir.  nisn  jii|<|%ifird 

by  pieces  of  raw  botly  In  the  kiln,  but  i-*  tilw'ay*i  diltu  nil  in  llir  iM-.r  mI  ilir  r%irii4r»l  bp  »4 

prancing  biases  and  uf  tithcr  ligure^  with  |»rtiirrtiiig’|i4rei. 

Chinese  and  Japanese  porcelain  wares  are  ifeijiiniily  mailr  of  naiiirally 
occurring  mixtures,  Thus  the  Japiiiiesr  liiiari  ware  1**  iihtdr  of  a  iiiairtial  eoitliiiii 
ing  49  per  cent,  clay  siihiiaiirc,  14  per  entt.  tfiian/  iiiii!  j|  prr  rail. 

The  andpiQdiifieie  ww,  jmwrvrr*  writ  itoiiiiiitiiril  Wiili  tlir  of  |r|a|i,ill4r  fiiairfifil  ii*  a 
meani  of  adjuf*llng  die  ciiinpiiiiilLti  td  ilirir  raw  tiiitirtttl,  Aitd  irntird  ih**  biiin  /#w  ?tml  fti*’ 
former  jV •/##«» to.  The  teti  exafiipki  of  C1iiiif«4e  iitirrclrtiti  mr  id  ilir  fisitd  «.►!  iftir  ptatrlasti 

type  alrewly  dcicrilietl. 

PROCESSES  OF  M ANirFACTCRE 

Preparation  of  Porcelain  Bodies. ■“-■'’Tlie  itiixiiig  of  the  variotis  iiigrrtliriti% 
composing  the  |K>reeltiin  bodies  is  in  s  immwr  very  mmiliti  In  itiiii  tisrd  in 

carthenwari*  (p^.  166},  and  consists  esitmlkilly  in  rccliiciiig  itic  eirioiii  iiiaimahi  iiitt.* 
the  state  of  a  fine  powrJer,  siispeiidirig  itieiii  in  water  iti  lliii  foriti  cif  a  4tp  m  rumim, 
mixing  the  various  slips  thoroughly  itigeiher  in  the  cEsirrt!  iirofKiriitiiN*  afitl  ihni 
removing  the  surplus  water  liy  ineitns  of  a  filler  prisi. 

C)a  the  Cuatinem,  the  tilieraiikrs  iirr  %uirrt|  in  ci«il  crllar%  fi*f  iiitirli  Itnign  Own  n 

uiual  in  this  couniry,  thi»  tieiiig  iiilriideil  i«f  flc¥d«|i  <1*  IVtini 

th©  C4k€8  arc  rcatiy  fiir  um?  lliey  arc  iwsicil  lliipiinii  a  kiiciitling  iiiiCTitfir  i*4 

removing  adventitkiui  pirticlci  uf  Iritii  arr  nbfi  ciii|t|pyril  Ip.  ifiSi. 


rOKaiLA/X 


uH; 

It  is  nm*ssary  that  the  material  used  for  the  manufiuiure  of  eiu*li  kind  of  |iuic<d.ijit  ^litnihl  he 
mixed  in  the  rtH|uisile  prop^rtums  and  with  tlie  neerssary  tht^ruughne.vH  ii%  t>thenvi%c%  ilie  Hluinkagi* 
in  drying  and  burning  wdl  he  exeesslve  irregular^  and  the  ware  uill  not  have  tite  piopeilir*^ 
characteristic  tjf  goml  p<sreelain. 

The  iitethods  of  producing  artitdes  from  porceluiti  pn.sU*  vary  rt uihidt'rabiy  in 
different  countries,  but  they  are  usually  inodifiratitms  of  tiio.se  prt‘vi<HiN!y  described 
in  connection  with  earthenware  (p.  169),  and  tannprise  moulding  or  pressing  by 
hand  in  plastiT  moulds,  throwing  <«*  shaping  cm  a  potter’s  wheel,  and  casting 
or  pouring  a  slip  into  a  porous  mould. 

As  porcelain  hodics  are  usually  dcfkncnt  in  plusticity.  and  thr  drniand  f«>r  tluii,  transhicrni 
pieces  is  very  largci  they  are  difiicnm  to  throw  or  unnild,  so  that  culling  is  the  in»»»!  Mttlahir  protr'v* 
where  a  sufficient  nuiuher  of  articles  retpiiieil.  Ailditional  putts,  such  a^  handle--*,  air  allai-heil  in 
the  same  way  as  to  earthenware  (p.  iy2),  llie  hudies  used  in  tfir  piuductiois  of  hientdi  m  glas-a* 
porcelain  are  exceptionally  tUHicult  to  shape  on  aromtU  of  their  lack  <>1  plasticity,  and  thi-H  couplrd 
\^ith  the  hamrtl  and  uncertainty  of  tlie  ctleeis  of  lieating  in  the  »oeii  or  kiln,  has  |nr\rniei|  ihi’* 
class  of  ptu’celain  from  hertuniug  commeicialh  pioiital.le. 

In  order  to  obtain  vety  thin  waie  without  casimg,  tin*  ancient  <  *ltijir»e  wvtr  t  oniprlled  to  ilnow 
the  vessels  mueli  thicker  than  was  re»}uiicd,  and  atbsfpu’ntly  i«*  sciape  them  down  to  ibr  ir«|inird 
thinness. 

Variations  itr  miiuu'  dcUaiK  natuiallv  oei*m  in  {bltetmt  woiks  .jiid  at  iliftiirni  |  etiod  biu  these 
are  beyond  tin*  si*t»pe  of  the  present  bixik.  l'!»rie  o  a  gentnal  riiilmation  in  u  .«•  I.iPmih  savaiii' 

tnaeltinery,  un«i  to  limit  the  number  of  sliapes  made. 

Whcti  a  porcelain  vc.sstd  lias  been  prodiuaai  by  anv  of  ihc  foicgoing  iiirihot|%  ii 
may  be  decorated  by  modelhiig  or  carving  as  clcsircal,  and  any  niataairamrs  in  ^liape 
tnay  be  remedied. 

It  is  precisely  at  this  slage  of  the  maiiukniinr  ilial  the  iiitlividiialiiy  til  ilir  poiin  ss  imcalrd, 
though  iimler  the  conditloiiH  prevairni  in  many  modrui  fatioi}r*i  mtn  It  iiidivtdtialiiv  i.  pioinlittnl 

The  ware  is  nvKl  allowtnl  lu  dry  tdowly,  wtihmti  clacking  t»r  watping,  afl«i  wlii*  h 
it  is  sent  to  tlu*  Idscaut  oven  to  Im  fired  for  first  lime. 

The  objetd  tif  the  first  firing  is  to  !iard<*n  the  laaly  of  flic  w.nr  and  to  biriitiab- 
the  application  of  the  gla/c.  'fliis  is  at'cannpledied,  in  the  tsise  ti!  itir  bifiaiirsr, 
Fniitdh  and  (kaman  hard  porcelains,  at  a  icniprraiiite  of  bock  you  Ik;  ilir 
(Copenhagen  ptircelain  is  first  filed  at  950  i\ 

It  is  no!  iiiirntlrd  lo  protltirt!  any  oilier  rflcct  llsati  lliosr  itiritlioiird*  At  tlir  bra  |i»frcrlaiiii  at** 
tinoc  in  wliicii  tlir  changes  rfirctrd  by  liciil  in  btwiv  fititl  or:r'iir  sifiiiilii4firi4ir4|s  thr 

tcmpcninirr,  wliirh  k  briwrrii  natw  i\  itiul  (kd  liaviiig  *111111141  iiilltipnrr  on  boilt  body 

itnd  gitt/c.  Thr  ddiicsr  haw  lung  lirrii  writ  aware  of  this  l*irl,  ttiitl  iiio'i!  t4  llira  rlrtin  |s 
gla/ccl  prcvitiiH  to  Its  br|ii|*  lircfl,  liioiigli  sofiir  t'olotifs  oblalftrtl  by  ihrtii  roiilil  utili  hair  hrrti 
firodiim!  by  tiring  ihc  iitigk/.rtl  witrc  fliisciiiti  io  it  very  high  iiiiil  iltrii  ii^inn  a  tmtir 

readily  fusible  gkws 

'fhe  glassy  porcelains  are  fired  lo  a  iriiijiemitire  of  1,1  w‘  1,150  ik  tirfciie 
gla/ang,  and  English  chinaware  (litine  rliiim)  lo  alitnii  Ckjiiit  111  Imili 

these  eiiisses  of  porcelain  tire  glit/c  m  fired  at  11  lower  leitiperaiiiie  ituiii  llii*  iiiig!»i/rd 

body— usually  bidow  i,ioo’T!. 

In  olhrr  Words,  iIh*  {irripetlie?i  tif  llir  bndv  in  gleoy  iiofcrliiiii*  boitc  diimn  :aiii|  glord  tkiiian 
ware  arc  romplclely  in  itir  first  tiring,  itml  ihr  ghi/t*  loiiici  »iii  oiilcf  rovning  «4  411 

rnlirrly  diffnem  miliirc. 

I’htr  tcmpeniUire  of  diet  kiln  or  oven  iiiiisi  lie  raised  very  slowly  and  rilllflol^^dy 
ill  first-  t‘ven  more  so  diiin  for  earthenware  (p.  177).  At  500  tnwf  Ck«  whm  die 
clay  begins  to  derompose,  the  heating  must  Aui  be  vi*iy  raiiiionsly  managed  , 
lifter  a  temperaliirc  c»f  H50"  (!.  has  been  rearlitat,  tinweveri  die  rise  may  be  nitiif 
nipiil.  A%  die  finishing  tciiiperaiitri*  is  ap|irii*iclicil  the  grrairsi  pussilile  rate 
rcfjiiirccl,  as  a  slightly  v%vimivv  iciiipernlyrc  will  ciiiihc  a  large  of  iln* 

ware  to  colkpse  frriiii  tiver  hciiiing.  'fo  obtain  die  hrsi  rrsiilis,  itic  wan^  must  hr 
iiiaintatncd  at  an  almost  coiistiiii  i«iii|ictraiiirc  for  wiinr  time  towards  dm  tlusr 
of  die  firing. 

If  the  wiirr  t»  to  Iw?  electiralcti  **  ii  t**  takrii,  afin  ihr  thst  tifirin,  tii  titr  dr*  , 

fiilirrwi'tc  if  i'l  ready  fbr  gl.iiiiii.p  Fur  liifnititiitieii  im  dmitiiiiiin  %rr  p  iSK, 


*  Hec  f*4iiiiiitc  tm  |»,  iHK, 
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INDUSTRIAL  CHEMISTRY 


The  atmosphere  should  usually  be  reducing,  so  as  to  prevent  the  discoloration 
of  the  ware  by  any  iron  compounds  which  may  be  present 

The  burned  ware  is  sorted  carefully,  the  proportion  of  damaged  and  useless 
material  being  large,  except  in  the  most  carefully  managed  works. 

On  burning,  the  felspathic  material  melts  first,  and  the  molten  portion  then  attacks  the  other 
constituents,  forming  less  fusible  substances.  As  the  temperature  rises,  more  fusion  occurs  and 
a  point  would,  in  time,  be  reached^  at  which  there  would  be  so  much  fused  material  that  the 
articles  would  begin  to  collapse.  Firing  is  stopped  just  before  this  stage  is  reached,  so  that  thin 
sections  of  hard  porcelain,  when  viewed  under  a  microscope,  are  seen  to  consist  of  particles  of 
calcined  clay  united  together  by  means  of  a  glassy  substance.  Minute  needle-shaped  crystals  of 
sillimanite  (AlgOgSiOa)  are  formed  at  a  temperature  of  about  1,200®  C.,  and  are  a  characteristic 
constituent  of  hard  porcelains. 

The  application  of  the  glaze  to  porcelain  is  usually  effected  by  dipping  the 
once-fired  article  in  a  suitable  slip  or  slurry,  as  in  the  glazing  of  earthenware  (p.  179). 

The  Chinese  preferred  sprinkling  the  body  with  the  glaze-slip,  and  obtained  some  of  their  finest 
effects  in  this  manner,  though  with  infinite  labour  and  unparalleled  dexterity  and  skill.  A  modifica¬ 
tion  of  the  Chinese  method  of  spraying  is  now  used  in  Europe  for  producing  certain  colour  effects, 
a  special  form  of  aerograph  being  employed  for  this  purpose.  ’ 

Where  dipping  is  impracticable  the  glaze  is  painted  on  with  a  brush,  some 
eight  or  ten  coats  being  usually  needed.  As  each  coat  must  be  allowed  to  dry 
before  the  next  is  applied  this  operation  occupies  a  considerable  time,  and  does 
not  yield  so  even  a  coating  as  that  on  articles  which  have  been  dipped. 

A  perfect  glaze  adheres  tightly  and  uniformly  to  the  body  ;  it  has  the  same  coefficient  of  expansion 
as  the  body,  and  shows  no  bare  cracks  or  flakes.  The  glaze  must  not  fuse  too  readily,  or  it  will 
collect  in  drops  instead  of  being^  uniformly  distributed.  The  necessary  conditions  are  best  fulfilled 
when  the  glaze  is  not  too  low  in  alumina,  as  glazes  which  are  free  from  alumina  adhere  badly 
to  porcelain. 

The  glaze  must  be  glossy,  it  must  be  completely  fused  whilst  in  the  kiln,  or  when  cooled  must 
be  transparent,  free  from  bubbles  and  spots,  and  so  hard  that  it  is  not  scratched  by  steel.  Porcelain 
owes  most  of  its  beauty,  gloss,  and  cleanliness  in  use  to  its  glaze,  and  to  the  great  similarity  between 
the  glaze  and  the  body.  These  characteristics  can  only  be  obtained  in  the  most  complete  manner 
by  the  use  of  specially  selected  materials,  and  by  firing  both  body  and  glaze  at  a  much  higher 
temperature  than  is  used  for  earthenw'are. 

When  the  coating  of  glaze  is  quite  dry  it  is  carefully  rubbed,  so  as  to  remove 
any  inequalities,  and  the  ware  taken  to  the  placers,  who  fix  it  carefully  and 
skilfully  in  saggers  (p.  177)  by  means  of  suitable  supports,  so  that  none  of  the 
glaze  is  removed  and  the  glazed  parts  are  kept  as  free  as  possible  from  contact 
with  other  surfaces.  The  saggers,  after  being  filled,  are  piled  one  above  another 
in  the  oven. 

The  temperature  to  which  the  glaze  must  be  fired  depends,  as  already  explained, 
on  the  nature  of  the  porcelain.  For  hard  porcelains  it  is  the  same  as  that  of  the 
body — about  1,2 00“- 1,5 00®  C. — but  for  chinaware  and  French  porcelain  it  is 
much  lower* — about  1,050“-!, loo*"  C.^ 

The  time  required  for  firing  in  the  glost  kiln  is  naturally  much  less  than  if 
the  ware  had  not  been  previously  heated.  Even  with  the  hardest  porcelains  it 
seldom  exceeds  forty  hours,  and  a  much  shorter  time  is  usually  sufficient.^ 

Decoration. — The  colours  used  in  the  decoration  of  porcelain  are  similar  to 
those  used  for  earthenware  (p.  179),  but  for  underglaze  porcelain  the  range  of 
colours  is  severely  limited  by  the  high  temperature  at  which  the  ware  is  fired. 

The  best  underglaze  colours  used  for  porcelain  are  cobalt  oxide  for  blues. 


^  The  reason  for  the  great  variation  in  the  finishing  temperature  stated  for  hard  porcelain  is 
to  be  found  in  the  composition  of  these  materials.  For  most  hard  paste  porcelains  the  temperature 
in  the  glost  oven  docs  not  exceed  1,250“  C.,  but  several  Continental  works  insist  that  they  iilvariably 
finish  at  Seger  cone  18  (1,500®  C.). 

2  The  kilns  or  ovens  used  are  similar  to  those  described  for  burning  earthenware  (p.  176),  though 
small  variation  in  the  efforts  made  to  enable  the  higher  temperature  to  be  more  readily  reached 
are  the  cause  of  the  ovens  in  different  works  being  distinct  in  several  important  details.  These 
are,  however,  matters  for  the  manufacturer  and  expert  rather  than  for  those  for  whom  the  present 
volume  is  intended. 
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cliromium  oxide  for  greens,  uranium  oxide  for  black  and  yellows,  copper  for  red, 
and  platinum,  vanadium,  and  titanium  for  other  cokmrs.  I'hese  various  oxides 
are  applied  in  the  form  of  a  thick  fluid  made  by  mixing  them  with  turptmtine, 
or  timy  may  be  added  to  the  gla/.e  in  the  proportion  of  2»5  per  cent,  of  the  latter. 

If  the  precipitated  along  wUh  alnmirm,  and  the  product  tlius  ohtainetl  is  used  as  a 

ctdoiir,  the  ttnlH  prwuictHl  are  entirely  different  frotn  tliose  obtained  by  the  tlirect  use  of  the  oxide. 

It  is  not  nsnamo  adti  ctdcniring  metallic  c*i>m|)oumls  in  the  form  of  a  though  there  are 

some  acivaiitages  in  this  f«>rm.  Solutions  of  cobalt*  chloritle,  and  nitrate  in  water  are  occasionally 
employed  i  tliey  are  added  to  the  gla/.e  tjr  to  the  InMly,  but  are  of  greater  value  in  neutralising  an 
undesirable  yellow  tint  than  as  tlirect  pigments.  In  uiuierghae  cokmrs  it  is  difficult  to  get 
graduated  tlnii*  as  the  bwcuit  al«orlm  the  colour  so  rapidly. 

This  may  largely  lie  overcome  by  the  use  tif  aerographs  (descrilmd  on  p.  iKH). 

I'he  overg’laze  «r  mufile  colours  used  on  porcelain  cun  he  fired  at  temperatures 
to  suit  the  tint  recpiired,  and  as  they  are  t|uite  independent  of  the  ware  a  very  wide 
range  tif  colours  is  possible.  I'hese  overgla/t;  colours  are  usually  pn^pared  by 
fusing  die  ctdouring  metallie  oxide  with  a  flux,  such  as  a  mixture  of  6  parts  of  red 
lead,  a  parts  of  (piart/,  and  i  part  of  liorax.  Tlu^  fused  mass  is  ground  to  a  fine 
powtier,  mixed  with  hit,  oil  of  turpi:nlim%  and  then  painted  on  the  glazed  porc.elain. 

The  chirf  cokmiing  .ur  'dmilir  i«>  those  uied  for  earthenware,  nnd  include:  — 

Biuf  I  |iiul  cobalt  oxide,  l  pintH  xinc  ciirboiuUt*,  and  5  purtn  i»f  dux.  Other  cobalt 

mixturcH  are  abio  m*rd. 

iBw»  cdiroiniurn  or  ropprr  oxide. 

Vfikm*  eirri//.f4c  lead  amimoniate,  titaniuni  t*xkk\  uranium  oxide. 

A*rJ t*t /rgitiif  -iron  oxkle  or  hytiroxiilr  prepared  in  variotw  ways. 

. -'purple  of  #>.,  metallic  g«dd  precipitated  on  tin  oxitlc  or  alumina. 

PiiiA  rhromiimi  oxide  iireripiltted  on  tin  oxirlc  or  ahiminu. 

ktmtm  inaii||aneHr  oxide. 

Mihi  #iw^»/ii.ii---uranium  oxiile  or  meiiillir  iritliuni. 

ir/ii/#  '  till  oxide, 

a  inixluic  of  guld  and  platinum.  Metallic  ’diver  cainioi  be  uwd. 

(h>M  f#«  in  ^4dM>i4d  may  In*  itiotlurrd  by  1^0  itirtluHlH  :  |ii|  A  im\l«rr  of  powdered  metulbr 
gold,  biHsmiilt  oxiilr,  and  oil  ih  nibbed  into  a  thin  pmae,  amt  1%  applied  to  the  wan*  with  a  bfudi. 
Aflci  burniiig.  the  gold  i-i  dull,  lait  l*rco}iir%  glo%*^iy  if  rubbed  with  a  biirui’*hing  tool,  (k)  A  cheaper 
titeiliod  roinmni  in  prefMiing  a  M  pel  *etii,  -ailunon  of  gold  m  a  ’■iulphuious  idl  fgold  bikam|. 
Tlii^  maierwl  piod«re?»  a  brighi  g»4d  when  Inttned,  ami  ilierriorr  lequire-i  no  buiriwliing. 

The  biiriiiiig  nf  tivcrglii/c  ctdmtrs  h  rflccdecl  in  iinifllc  ovens  or  small  tunnel 
kiliiH  (p,  iHi|.  'riic  gnmls  arc  aircliilly  watched,  and  the  heating  is  stopped  or  the 
gotick  an:  removed  iis  soon  as  the  g!ii/.e  in  sufticicntly  fiisecL 

Kxfridvr  fttiioii  iiiirtl  Ik*  avoitlrd  or  llie  cokuif^  will  mil  into  cacti  other.  The  lrm|rerftlyre 
reiirhed  im  iteiwmi  Itoi' and  i,ocKf  i‘,,  bill  iinwt  It#  sidled  to  llit?  |»flktd»r  colottri  in  the  tivem 
Where  irver#!  rrifuiriiig  liiffeienl  l#iii|ieraniffi  are  ii»«l  iti  lli«  Mitie  piece  of  ware,  ll  will  he 

fieretitry  to  apfity  rnlitiir^  niii?  ti  a  lime  in  the  order  tif  tlietf  abitllj  to  raiiit  high  t#tit|icraturcs,  itw 
ittf»%t  reffartofy  teiiig  t|i|ilied  inn  Hiifiii  piteti  of  ware  mu»t  he  rireil  %m  ©r  more  liiiiei. 

Crackled  ware  k  a  variety  of  iKircclain  in  which  the  8tirfa«:e  of  the  gltxe  is 
traversed  by  iiiiiuiiieralilc  ^nmlt  hair  like  cracki.  I1iii  is  clue  to  the  glaze  having 
a  cmtHriritt  of  cijiitniioii  lilghcr  than  ihiit  of  the  Imdy ;  ordinarily  it  ii  regarded  as 
II  defcri  iifid  is  then  terineci  rntzmi*,  but  when  efected  puriioitdy— as  in  Chinese 
crackle  ware  ii  is  usually  tiroditced  by  ineiiiis  of  a  calcareous  slip  applied  between 
the  body  and  the  gli«e,  or  try  replacing  some  of  the  lime  in  the  glam  by  an  alkali 
and  retliicing  the  profHjrtion  of  aktitiina. 

Crystalline  glazes»  known  to  the  imcienl  fapnnese,  were  first  introduced  into 
Eurofir  (fit  Sevres)  in  ii§o.  Sitire  then  they  have  bis:onie  increasingly  popular, 
eijMfCtally  iImimc  in  whifdi  the  siirfiice  of  the  ware  is  io  com|ileiely  covered  with 
iiiiiittie  c.ryilaK  m  lo  presnii  t  appcarariias  larger  iiokted  crystals  are  more 
ditlciill  to  rofitrol,  tmi  iofiiriinies  prcMlitce  very  beautiful  effects. 

Thr  cry^bik  «fr  titir  i»t  tlir  gk##  liriiig  %ii|wr%iiliiwird  with  tuie  ©r  iimrc  iwidr«  wldeh  f©tm 
fMtiily  rfy*i4llit«i4r  •tlumir^  — #iiic  411*!  nidtiittfii  ©xidr^  the  tiirwt  iiwd,  Molybltmtim, 

itiii.gsfffi,  vaiiisiiiifii,  lifimtitfii*  «i*p|>er»  ami  dirmttittiti  al«iii  ii%whi  in  ihr 

tif  etyilftit  if  ilie  glair  i'*,  tiilirrwtve,  wtlilik,  Tlir  rtMling  nf  gkfc  tmol  lir  rtihrr 
ihhkrf  liiifi  litiial,  «i«l  It  m  it©i  i©  apply  a  highly  vlteriiio  |hw.«f  riiWiitrdng  the  ’iprrial 

©tide  afl#i  llir  W4fr  Ii4%  Iwtfi  rovrinl  willi  lilt  ©rdtiiary  giMt.  If  mlmififig  iixitic%  arr  pfrviil 
tlifir  riyiiak  rnmnnimm  cirrcw  »  ickeitvt  aclion*  atid  prmturt  very  ctilmir  rIkitH, 
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Afaft  glazes  may  also  be  prodiu'ed  by  adding  a  bcnly  to  the  gla/t*  ei|iia! 
volumes  of  each  being  fre(|Uently  used. 

Flowing  glazes  consist  of  one  or  more  taileurtnl  gla/.es  whieh  are  applied  to 
the  unfired  surface  of  other  gla/.es  of  a  slightly  less  fusible  nature*.  On  firing,  the 
uppermost  glaze  sinks  partially  into  and  thnvs  p*irlly  to'er  die  undergl.t/e,  and 
produces  characteristic  and  beautiful  blendings  of  tsihasr. 

The  he^t  results  ure  uhtaiiie*!  wiih  a  enpper  hi  liuiiigaiir.r  gl.i/r  mu  y.  liLirk  mi  uiili 

a  col  tail  oxide  |;la/e  on  a  yellow  oi  jeil  glaze. 

The  term  *Ml<»wing  gla/e'*  is  also  applied  lo  llir  litcii  goHinft-d  liy  rliloiidr  *»!  Iiiiir  phirni 
near  to  the  gla/ed  surface  in  tlie  oven.  \*<»laiiliH;tii»tii  ticcue*  ain!  a  Mitsli  ”  rttni  lutwUii  rd.  As 
the  restdl  is  ditlicuU  to  cuuttol  it  is  better  !o  ptotlucr  ilte  %aiiir  rlire  I  by  liir  rohun  on  to 

the  ware. 

Rouge  flamM  is  a  Imght  red  gla/c  prodticct!  by  tlie  action  of  rrdiiriiig  g.tsrs 

on  a  glaze  containing  copper  oxide. 

It  WIL.H  known  to  tlie  anrient  (Tnnrse,  bill  its  prodiiciiHii  on  tiant  rmo|<r.iu  poffrUmis  in  a 

relatively  recent  disettvery. 

Lustre  glazes  are  tdiaractcriHecI  by  the  beaiiiifiil  slieni  anti  iridrsi'eiKa’  wliirli 
they  exhibit  These  elTccts  are  largely  clue  to  tiiiiiiiiiiiary  i  li.tiigt"*  in  ihr 

atmosphere  of  the  kiln* 

At  one  time,  piUtern  dept  nded  alinont  eniitely  oti  ,ii't*td«'}sl,il  vafcitiuir*  iii  llir  c*  r 

lustrous  gla/es,  Imt  it  is  now  poHsjbIr  to  make  fhc*m  lii  ,t  tf.i-^Mnably  trliablr  maiiiiM.  T'lir  w,nl 
one  rei|uiring  exceptional  ‘Till,  uh  tin*  melallii*  pioiha  jii|j  ihr  liiniir  air  rxiirtte  |y  iliasi,  4ii*i 
it  in  very  tUtficull  lo  get  tlieiii  recinerd  mi  .|'>  Im  gr»T  *i  |4r.i4iii»  rilrii,  s.-nir  looei  IsiH-e  brm 

pani(‘ularly  siu'cessful  with  this  kimi  of  ware. 
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ilY  (Jkoffrky  Martin,  PiTiK,  IFSc*. 

Lrri'RA'rrRi-: 

M.  Mauuu'R  P!(  .\ki».  **  Lu  f.4btir.iUt>n  LnUH  .  Miiirialcs.''  /«'//, 7.  .%7. , 

/’ i^it/n IMl  T  119,  f.  s;2,|. 

History.  'Pierre  Fauchard  fi7.%S|  ihr  use  dt  ruaiurl.  Dwchateaii  <1774!  usrtl 

purrclaiu  tiintiMd  «»!  iv«»iy,  I.atfi  de  Chlllllliailit  •aj|»Rr*4c*il  lln*  adtlilSMii  t»f  |n|H’»  |4\  it*  flir 
{HUfchuJu  htmiidit  thr  indtisuy  LagiuncP  and  in  1701  p.iR'isR’d  In  jKuS  Fouzi  m| 

I'ariH  u^rti  phtfuium  piii’.  Inr  living  ihr  Iftih  ro  thr  ariifititil  plafr'*.,  M.  PliifitOfi  in  iKij  uumn 
farnirt’tl  urufirial  t«‘rth  in  Atnrrica.  Kngland  nin!  Aninn'a  al  |»rr^,tiil  pretlutnniair  ui  ihn^* 
munufarmit*. 

Manufacture. . . -Frlspar  aiui  silica  art*  gruuiul  ui  iin  iiii|ial|iablf*  piiwtlta, 

tc^gotluT  with  a  cfrtain  aniount  cT  katilin.  1‘lir  niixturc*  is  inath*  intti  a  |iasU\ 
and  is  lirUncl  a  varirty  of  rcdcnirs  by  means  cjf  titanium  ttxidt*  <ir  by  the  iisr 
of  salts  of  cobalt,  uranium,  mangancst\  ctcs  Tho  paste  is  no\t  prrsHed  into  mtnilils 
in  which  ari’  inserted  platinum  pins.  I’he  teetli  ate  then  latriifsi  in  siggers  until 
well  vitrified,  a  tetnperature  ot  about  480"  i\  being  ici|uired.  Utey  att^  llum 
covered  with  au  enauud  made  td'  tlie  same  matmials  as  the  body  of  the  tootli, 
hut  mixed  in  slightly  difTerent  proportiems. 

Tlie  eaunposition  of  artificial  tf»eth  is  that  of  a  hard  paste  porcelain  and  they 
arc  manufactured  in  the  same  maimer  m  tin*  Inird  pasie  porcelains  tlescribcd 
on  p.  I  Ho. 

In  order  to  stxmre  a  saiisfiiclory  matc!h  witli  a  paiient’M  niiUiral  teeth,  the  ckmiisi 
sometimes  appliei  a  smull  additional  ciiumtity  of  glii/o  of  ii  sihtiibk  tint  to  tlie  front 
of  tlie  ti*eth  and  rcfirei  them  in  a  Hpeciid  muffle. 
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SI{CTI()N  LXX'III 

STONEWARli  AND  SANITARY 

WARI-: 


Bv  B.  Skaiu.k 

/#‘i  A’ /X A  SkfihrM 

LI'HxRA'IT’RK 


H.  AN'»FJI.  **  Xhtmif.Mltuc*  r»f  DIa/rtI  Ifurk-i  atnl  Saiiil.ti  v  W  air,“  LMmiMtu  iVjS. 

R.  lie  »i!  RH  V  hy  A.  II.  Srarlti.  **  i ‘rraiiHi' Ittelu  ’*  I,«»tii|Mit,  i«j|i 

\V.  **  Kfigiinl!  Knrihnnviirr  ant!  SimtrH.ur.’*  !,«»itilMfi, 

A.  Bkmmin.  — Krriiinik  StUf!ii*«/‘  VnlHL  llfulifi,  iSS^. 

A.  ( . •** t hitlu'aiirllr.”  iXiiii, 

M.  Hkim.  **  St«'in.i»ut fahfikaftHii.”  IlrBiii, 

ii  Kfef,  ‘M  »r»%aiumli’n it'.’*  Ili'ilift,  t<w»7. 

IRSfiJIsR.  **  C  irrntttmtrUr  Si  Itnfirji." 

( I.  S n;iXHiu,rn  i .  **  SU'imniildhtikdnfm/'  Ilnliii, 

II.  I'l-.x  \X.  “Sirinf'ttl  iitpl  iXn/f'llats  ”  lli'ilui,  1X711. 

A  vny  Ii4  t»l'  tm'ltuitMl  i»*isflwk.  t|r*iliti|»  wilk  ihr  liutitufarltlir  «»l  -.iMiiru.ifr 

utul  'aitilniy  ware*  in  iit  ihv  \vt»fk  . ; 

A.  H.  Skami.F.  **  I1ir  C ‘l4ywi*tkrr*f%  I 
M.  Sm.nN.  ‘*CVra«iii  Liirr.iltirr.’* 

Tick  term  stoneware  shmilcl  strieily  litt  amfined  Ri  |KiUery  whciie  eliief  t^lmraitei 
iitie  ifi  ati  opacfue  vitrified  mid  im  iitimtrvicnis  ticidy,  hut  iiiiiuy  iirtic:le?4 

dexrribed  as  stoneware  have  a  iiciroiii  body,  anil  to  iciine  iiiipermimble  ware  {iiiieli 
as  porcelain)  the  term  itoneware  in  never  apjilicd.  Stonewiire  is,  however,  dis 
tingiiished  from  porcelain  by  iti  ofmeity,  i.e.,  iti  lack  of  iraiinhicency,  fitid  from 
n.irra«cotta,  earthenware  and  fiiience  hy  its  idniost  imperittcmble  liady*  imml 
Htoncwiire  should  ring ”  when  struck;  it  should  tie  loo  hard  to  he  scrattiied  hy 
steel  and  should  lie  highly  resistant  to  adds. 

Thf  fjorr  vitrictifH  ttf  «t<i«ewiirr  hiive  knig  been  rxtiniHlvrly  iiieit  m  |ttillery  m  In  the  w#ire 
by  the  Ilnahers  Klers,  fiihn  DwigliR  WrdgwtMid,  iiinl  Iltiullnii  A  t\».  miiiliit v 

nuiniifofliireii,  a  rintrHer  %ttiiic\vnie  i%  em|ib»yrd,  Tht* 

«t;t4r  it  ilmi  tm*il  f(*r  pjiviiig  HUible*!  itml  ullier  iireiin  where  isiiprrvi»iit »  tilirkn  t*r  nfi*‘»  iirr  rr«|tisir4 
Huiite  yrsirn  a|*ii,  witeiuhe  tirmatjtl  fur  "afiiiary  minle  t*f  f^iimrwjar  Wit'i  tifinii  grr.iirr  1I1411 

the  u  litria’  mitiihet  of  ftmiH  Iinetl  fire for  the  iiiiifiiifatiiiir  *4  Ihr'ie  itti4  |.ibier4 

itrtieleH  witli  u  jitirouH  hoily  ciiVernl  with  ii  rrHRliifU  i»it  thr  aiitrkrl  114  ** llrtirr 

ihtf  iliiiil  4»f  the  icriti  iinil  si  eerbuii  itinoiiiii  of  coiifiidori  m  to  irtir  iiaiiirr, 

'Fhc  chief  ohjet!l  in  making  sanitary  ware  is  to  procliice  an  artit'le  wtiicli  will 
afford  IK)  resting'>pltc:e  for  gerriis,  or  from  which  geruH  can  ht*  readily  removed, 

So  long  m  a  glii/tMl  itirfiire^reismiris  whole  jiml  ilir  urtirle  h  eomplrlrly  oiverrtl  fhrrrhy,  the 
texttire  tif  the  lituly  i%  f»f  tntfior  imp»rlitrire.  IhifortiitaUely,  however,  Miiilwv  a|i|jlbinfv4  arr 
«»eil  rather  nmglily,  aitd  air  |iaitie«l*irly  hfthle  to  sionciraliil  hbiw^  wltii4i  arr  'ilroiig  fo 

retttove  |Mirl  of  i1i«*glit/c  and  lo  lint  kwly  lierieiiili  j  it  R  ilira  hiij«.wtli|e  lo  krep 

parlkifw  hygk*nimlly  clniii  iiiileiH  the  hotly  k  ifii|iervititiH  In  waiei  aiitf  itihrr  lliiidH  with  wliiiii  ii  e 
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likely  to  come  into  contact.  A  porous  body  will  absorb  undesirable  fluids  and  may  become  a  serious 
menace  to  health,  and  for  these  reasons  the  demand  for  impervious  stoneware  for  sanitary  appliances 
tends  to  become  stricter  than  it  was  some  years  ago.  The  present  tendency  is  to  specify  ware  with 
an  impervious  body  for  all  better-class  work,  leaving  the  ware  with  a  porous  body  for  instances 
in  which  cheapness  is  considered  to  be  of  great  importance.  In  examining  samples  of  stoneware 
as  to  its  suitability  for  a  given  purpose  it  is,  therefore,  essential  to  consider  the  effect  if  a  piece  of 
the  glazed  surface  were  to  be  accidentally  removed.  It  is,  in  fact,  the  slight  damage  to  ware  which 
must  necessarily  occur  in  its  use  which  determines  the  necessity  or  otherwise  of  an  impervious  body. 

Fine  stoneware,  used  for  domestic  pottery,  vases,  etc.,  is  really  a  variety 
of  porcelain  which  is  more  fusible  and  less  translucent  than  what  is  commonly 
understood  by  porcelain.  This  finer  stoneware  is  made  by  mixing  ball  clay,  china 
clay  and  flint,  with  about  an  equal  weight  of  Cornish  stone,  the  ball  clay  being 
used  to  produce  a  highly  plastic  mass. 

If  the  colour  of  the  body  is  unimportant  the  whole  of  the  china  clay  may  be  replaced  by  ball 
clay.  In  Wedgwood^s  Jasper  stoneware  a  large  proportion  of  barium  carbonate  was  used  in  place 
of  most  of  the  Cornish  stone  just  mentioned.  The  colour  of  stoneware  may  be  due  to  impurities 
in  the  clay,  or  to  cobalt  or  other  oxides  added  to  the  body. 

The  great  plasticity  of  stoneware  enables  it  to  be  used  in  the  production  of 
many  designs  for  which  porcelain  is  entirely  unsuitable ;  and  the  fine  texture  and 


Fig.  I. — Sections  of  Muffle  Kiln. 


close  compact  body  possessed  by  fine  stoneware  has  rendered  it  invaluable  in  the 
manufacture  of  pottery  in  which  a  sharply  defined  and  complex  design  is  required. 
The  texture  and  appearance  of  stoneware  is  such  as  to  make  this  material  more 
suitable  for  relief  designs  and  decorative  shaping,  but  some  very  beautiful  colour 
effects  can  also  be  obtained.  The  size  of  the  articles  is  usually  limited  by  the 
tendency  of  the  vitrifiable  body  to  twist  in  the  kiln,  yet  notwithstanding  this 
limitation  some  very  large  articles  have  been  successfully  made  in  stoneware. 

Fine  stoneware  is  prepared,  shaped,  glazed,  and  burned  in  a  manner  so  similar  to  that  of 
earthenware  (p.  169)  that  no  further  description  is  needed  here.  AVhere  the  ware  will  stand  the 
high' temperature  necessary,  the  use  of  a  leadless  glaze  (including  salt  glaae,  p.  197)  is  advantageous. 
Much  fine  stoneware  is,  however,  unglazed,  as  the  slight  glaze  formed  on  the  surface  by  the 
vitrification  of  the  body  is  sufficient  for  most  purposes. 

The  greatest  difficulty  in  manufacture  is  in  the  firing ;  if  under-heated,  the  ware  will  have  a 
porous  body,  but  if  over-heated  it  will  twist  or  otherwise  lose  its- shape. 

Sanijtary  Ware- — As  already  explained,  much  of  the  sanitary  ware  now  on 
the  market,  and  in  use  in  Great  Britain,  consists  of  a  fire-clay  or  similar  porous 
body  covered  with  a  leadless  glaze.  On  the  Continent,  and  to  an  increasing  extent 
in  this  country,  the  use  of  a  true  stoneware  is  preferred. 

The  clay  is  crushed,  mixed  with  water  to  form  a  soft  paste,  and  is  then  moulded 
in  plaster  moulds,  the  work  being  done  almost  exclusively  by  hand.  On  removal 
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from  the  moulds,  the  surfai:e  is  smoothed  with  wooden  and  steel  tools,  any 
supplementary  {mrts  arc  fastened  on  by  means  of  day  paste,  and  the  goods  arc 
set  aside  to  dry. 

Some  makers  hum  them  in  this  htate  ami  apply  the  glaze  U»  the  cncc'liurnrtl  gianls,  hnt  (Hheci 
apply  the  ghue  the  anfirt‘<l  articlcH.  There  is  much  t«  he  mkl  ftir  and  iigaimt  each  t»f  lhef*f 
methods  ;  in  stime  cases  the  lirst  is  preferable,  and  in  others  the  scctimi  one  is  mlvisahle. 

The  glaze  is  usually  Icadless,  and  may  l)e  (a)  salt  gla/.e,  or  (/*)  composite  gla/i.\ 
A  salt  glaze  is  not  ap|)lied  directly  to  the  goods,  bi|t  is  formed  by  throwing  salt 
into  the  kiln  towards  the  end  of  the  firing  (see  p.  196). 

Salt  gladng  usually  prtidures  dark  Imnvn  ware.  It  re(|uirc?i  a  trm|»c.*raturr  of  at  Ica^l  C, 

A  composite  glaze  is  applied  directly  to  the  gtHnls,  either  liy  dipping  them 
into  it,  or  by  painting,  pouring  or  spraying  it  upon  thtun. 

There  arc  many  suitable  glazes  ;  mw  which  is  largely  man!  cujedsH  <♦! 

(kuniiili  httmc  •  -  “  .1  parts.  Whiling .  -  •  l  patU 

Felspar-  -  »  i  part.  Flint  •  -  ■  *  I  ,, 

Uluai  sucli  a  composite  ghi/.e  is  applied  direct  f<i  stonew'are  iht?  <'o!«itir  cif  ibr 
finished  ware  is  commonly  termed  **cane/dHit  in  order  lo  produce  an  iigrceable 
tint  it  is  usually  net'essitry  to  add  a  little  iron  or  maiiganene  oxide  to  the 

If  white  ware  is  ret|uired  on  a  stoneware  body,  an  inlerinediaie  slip  m 
engobe  is  used  between  the  stoneware  and  the  glaze.  This  rngolH!  m  composed  of 
wliitednirning  days,  wdth  sufficient  Cornish  itom?  or  felspar  to  enable  it  to  adhere 
properly.  Tlie  white  engobe  effccliially  covers  the  cokiureil  stoncwiire,  mid  makes 
the  article  ap{H?ar  as  if  made  of  wliite  clay. 

The  U'lP  of  ctignlici  is  4tCi!t.iin|«tiird  by  11  iui«d«r  of  dilliritllir**,  tbr  cliirf  nl  wliieli  Mr  #tii 
iiirgular  apjiriirMHT  tif  thr  siirfucc  und  a  Irtidriny  tt»  prri  tullirir  lniillv,  Tti  avidd  ilirw,  iotiii* 
tirm%  fd  muutury  ware  timn«fkcl«frr*i  ad«l  linuxitlrtn  uii  iiiliriwr^r  iritcspitrrtit  gb/r,  lliitl 

metai<»m?d  tm  ihr  prrvitm?*  pagr,  By  ihi%  mr»tiw  ibry  pradtu'r  a  witilr  ♦i|ai|iir  wtiirti 

thr  %4mf  iiti  rngnW  4ntl  I ritfe» patent  ghor,  wiib  ibr  iitlvaiifagr  of  brilci’  atlliriiitti  unit 

iip|waranrr,  and,  isi  a  h»wrr  tmi  uf  |‘r«lurti<»n. 

*\!uc*h  attention  hits  Iteen  paid  to  tlie  protlwitioii  of  nmihitry  ware  by  miirliiiiery, 
but  with  only  a  very  limiird  amciiiiit  of  sureem  The  sirikdes  iiiadc  nre  iti  hirgt* 
that  it  is  diflkiilt  to  deal  with  them  meehiiniiTilly,  iiid  the  Viriitlkiiw  iti  deiigfii 
coupled  with  the  eiioriiioiii  eoit  of  iticli  powerful  preii«i  k  iigaiimi  llicir 
extensive  Uie. 

A  methcMl  of  casting*  large  pieces  of  siinitury  and  other  ware  whldi  Iim  rtpidly 
sprung  into  ftvoiir  (Wdier’i  Certiiin  Ihtteni,  1511,496)  cofwiiii  in  the  aildilton  of  a 
iuitable  alkali  to  the  clay,  tgiiiiting  it  ^fiiedmnically  willi  iufllcitiiil  water  iti  ftiriti  it 
fluid  slip,  and  then  ullowirig  lliii  mixture  to  flow  into  a  mould  Cusimg^ 
p,  172).  lly  the  use  of  11  very  imatl  c|iiantity— a  fraction  of  t  c!ent.-*of  1  itiitable 

iilkiili  (or  baryta)  it  mixture  of  clay  with  a  ronsklerable  t|uiinl*iy  of  grog  ^  can  he  emt 
into  vessels  halhiin-inch  or  more  m  thicknesi, 

Tlif  iwf  alkali,  the  ii%ff  ef  liarytii,  f«r  fiifilitaltiig  rtstiiig  vrry  iiltl,  bill  li« 

mhpimhm  Ui  larie  v«?iieh,  awl  ri|icriiilly  Ir  emmeikm  wiib  ct»ritoiiiitig  a  ktgr  |*rti|»irili<fi 

of  gfogi  S'*  the  fiyb|ci:l  of  thr  iiatmi  by  Wrlier  iiirfilkmetl 

Chemical  and  culinary  stoneware  k  that  used  in  the  matiiifaeiure  t4 
iidik  itnd  other  ehemic‘als,  aiici  for  the  prepiirittion  of  fotid,  eir.  Its  tdiief  profierty 
k  its  ability  to  resist  eorrcisiori  by  rhemieails,  and  to  fiiniid  «‘orii|iiiriilivrly  suiildtii 
changes  in  tempi^ratiire,  It  is  iifiiialty  matle  of  a  naiiinil  rliiy  wiilioiit  adiiiixtiire, 
certain  Ihirirlaml  Ikwoniiin  ball  days  being  piirliiaihtrly  siiiiitlik  for  the  piirpcm^^ 
The  tday  must  lie  carefully  fideeted  and  prepiired  dial  the  ware  may  tie  liiiiiirmly 
Vitrified.  Wliert!  a  Hiiitable  niitiiriil  diiy  raimol  be  obiaiiied,  a  iiicire  refraritiry  clity 
is  mixed  with  fekpiir,  Cornish  ilone  or  other  iuitiiblc  fhix. 

The  preparation  of  the  day  is  iimikr  lo  thiit  for  bricks  line!  tiles  (p,  loj),  the 
inaterkl  being  rriislied  (if  iieceisary),  and  mixed  wiiti  water  iti  m.  to  fmm  iw  urtifoiiii 

^  C#r«g  ii  cl»y  wliicli  l«i  twtR  cikitirti  iiiifl  ciiiilicti  l«  tmtw  pmttrf. 
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a  paste  as  possible.  It  is  pressed  by  !i;md  ioto  pk^ler  liiuiikls,  m  ii  may  be  wtirknl 
on  the  potters  wheel  if  the  shape  of  the  ware*  pt*riiiilH.  Cheat  raie  iri|iiiirtl  oi 
ensure  the  variems  joints  heitig  properly  ituule,  as  stiiue  cd  the  ves^-a*K  iiiatlr  ot  tln^ 
kind  of  stoneware  are  very  ecanplt*x  in  shape,  laps  iiiaile  of  this  iitalraial  rin|iiiie 

si)ecial  care  in  order  that  tiu*  parts  may  til  aiaairalel). 

Although  properly  nuule  rhritiH**il  'aorirwiiio  e%  siittiriciith  it«|iroe‘to  Wkiiliuist  411%  ghor,  ihr 
cost  t>f  ghiiing  i%  tua  great,  aiul  if  givm  a  hrUrr  aftprarairr  ^%4ir.  li  i-.  rijn  inl  h\  ihn*\\Uiii 

suit  into  the  kiln  towaulH  lt»*  cofititisiMii  of  ihr  liraliiig.  Ilir  'nilf  e»  4'«  roiii| «»■.«-» I,  ufo'l  rifinl.iiir  •» 
with  the  alutninu  utui  silica  i»l  ihr  w.irr,  foriihiig  a  Iwfil  aihI  gla#r. 

Thi.H  'ware  is  usuulU  <lark  bitavn  in  ri4i»iir  In  ilir  ifs«it  fyiiiptiisiiip^  |tir"*riif  in  ihc  ilai. 

VutiouH  kinds  of  kilns  ate  lonl,  IhiI  llwisr  of  tlir  irrlangwlat  tii  dranglii  Upr  fp.  air 

rtuiiitirrcd  !«*  br  the  br*a. 

Drainpipes  are  used  for  the  iransitiisHion  of  wMiit  and  iitla'i  fluids.  In 
agricultural  districts  the  ones  used  for  land  drainage  are  sliori  pipes  of  puiniis  f'Lt) 
placed  several  feet  below  the  surface  of  tlie  ground,  bill  m  lowns  llie  irriii  *‘diaiii 
pipe”  usually  refers  to  glazed  pijpcs.  The  best  gliimt  dram  jiipict  air  iiwilr 
of  vitrifiahle  clay  or  of  a  mixliire  of  fire’cky  itml  Cliriiisli  sioiii*  01  nitin  frlspatliie 
luateriah  but  a  large  muiiber  of  such  pipes  are  in  use  wliirli  time  11  lnid\. 

and  are  imule  from  a  clay  wliirh  hits  not  Ihtii  liralcd  lo  viiiifiraiioii. 

If  a  true  sltutewiirr  p}|»r  |#V. ,  fiiir  wiiti  im  iiti|iPtirir.4l»ir  btulyl  ii.is  ilir  ir«|i»vrti  ftMiis  |»4ii 
tif  its  surfuci*,  it  is  still  *is  SMiifiil  4 »  brfMir.  Inil  pipr*  with  u  pwitrultlr  b*MH  irAihh  ’**»:rrp''  1*1  Ir.il 
if  duiuu|'«Hl  in  this  inunnn.  Suiiiiusy  riigfiirris  *tir  bri 111  ilirai 
f'ot  piprs  whirli  w  ill  sluiid  Wulri  ifiiilm  gfrul  pirssiiir  ;  il  e*  liuii.niil  e*  .pr»''ii|*  llial  rii"|ipi|.. 
tuilsl  1*1*  trstril  bv  niriits*.  of  wult'i  ul  s«iii  tiri.  pri  sipuir  iih'Ij  prr't'^iir. 

A  vitrilird  body  is  iiiVtibiablr  wlirii  'Aii'li  Irsli  mr  iti  br  iiiuiir,  inuiii  pipr'i  mtth  p-^nMie* 

Inuly  will,  il  pioprily  gla/rd,  itiis  M'vrtt?  trs|  ^rty  iirll. 

Cda/etl  pipes  are  usually  matle  by  1  riisltiiig  ilti*  i  lay  *ir  tillin  tttali^iwls  to  p^aiiha, 
mixing  with  water  to  f«»rni  a  stiff  paste  fser  Bricks*  p.  atid  ibrn  jfa.'ao.:  tins 
paste  into  a  pipe  press.  I1iis  press  eoie^isiH  of  a  sinuigly  litnli  a!  t  \  huiU  1,  *ii 
the  Uwer  end  or  mouth  of  which  h  pliu'od  a  steel  rnre  nf  tin*  .n  itn" 

inside  of  the  pipe.  Into  the  cyliiifler  a  targe  pisloii  is  fitted,  iiiiii  ihi’^*  e*  iHiinl 

downwards  by  tlic  direct  action  of  filemii  friiin  a  lioilrr,  Hie  r|}iiidri  in  lillril  with 
day  paste,  which  b  forced  tiownwards  by  the  pinion,  and  rtiierges  itiioiigli  ihr 
mouth  of  the  madnne  in  the  ftaiii  td  a  pipe.  The  sockri  end  in  liiimltlrtl  li|  ait 
arecHsory  fitting  at  the  same  time  as  llie  |iipe  h  being  made.  I1ir  pipe,  as  ii 
emerges,  is  rec*eived  on  a  lalde  plaraal  imiiiefliatrly  bdtiw  the  pies-^.  amt  wtini  11 

sufficient  length  <»r  pipe*  is  extruded  it  is  nil  off  wiili  a  xireii  lied  witv.  Hie  pipe  e* 

then  removi'd,  ami  t!ie  macdiine  is  ready  lo  make  aiindni.  Wlnl-^a  tmv  m4ii  m 
attending  lo  the  machine  antillief  m  liiiployrd  “  leltlttip/*  the  ptfim,  niiaifiliieiniig 
any  that  are  missltiipm,  *iiid  rrmiiving  any  iiief|tiaiiiics  iti  ihr  ‘aiibn  r  1  la**  14  thair 
in  a  spedal  form  of  lallie  leritied  a  ‘Mcliirr." 

Vifkius  fiiliff  typt’H  Iff  |ii|ie  prev^-'*  mv  in  piiiin  iil.iili  bit  'aietll  Ilir  |.i!irf  .nr  fir 

quently  made  in  14  brkk  iiwrtiiiw*  «if  ilir  ** rMprrvunfi  *' i||»r  tp  juKi,  %%hhh  IhXi  i-rrii  iiiird  niiii  4 
i|>edal  mmahpimx  In  tliw  iiiurtiiiic  i%ui  iii  niiiir  iiiiirs  noy  i*r  pi,fdiit*r»l  anHiltAfirfHiHh 

Pil'ies  tif  i|»clal  shiipr,  Hiict*  m  rilww^i,  jiitn'lbtfei,  rlr.,  iifr  neelr  bv  iuiid  l»y  ociitip 

twti  or  aitirt  |»i|iei  iiid  filling  i**grlln?r. 

The  pipes  are  dried  carefully  on  Honrs  healed  by  ^4ram  Cp.  iiii,  aiu!  ate  pbta-d 
in  round  down-draught  kilns  (p.  jt^i  to  be  litniied.  In  ihme  idti^  ihr  jufe-'.  .tie 
stacked  vertically  one  above  the  other,  the  similler  mirs  iMnng  plo'iat  neailr'  ih- 
larger  pipes  so  as  to  save  ipace.  Home  skill  in  intiiiird  in  atmitfiiiK  lli*“ 
that  the  kiln  gases  can  readr  inside  itiem,  m  nthmiisr  tliry  will  iif*i  ti«-  jiiiijd  )i» 
glazed. 

The  earlier  stages  of  the  hurniog  are  similar  to  those  in  hiioiitig  Ijurk**  (|i  jt  it 
or  earthenware  {p.  177),  hut  the  Salt  glazing  is  unite  diff.  o-ot.  As  soi.i,  ihr 
pipes  are  sufficiently  heated,  the  hurner  sees  that  his  fires  are  hurning  brightly  .  he 
then  lowers  the  damper,  so  as  to  retiuce  the  draught  in  the  kiln,  and  ml«»  the  tw.  k 
of  each  fireplace  he  throws  a  shovelful  of  wet  s.ilt.  'Fhe  salt  begins  to  dernepiiate 
or  Jump  about  inside  the  kiln,  and  as  soon  as  it  rom*-s  into  eoiiuet  with  stlira  «u 
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clay  a  combination  of  the  sodium  of  the  salt  with  thtt  silica  and  alumina  tlu‘ 
clay  occurs,  and  a  glaze  is  formed  with  evolution  of  hydrochloric  ac'iil  fiimt*s.  'The 
intense  reaction  which  ensues  causes  a  rapid  drop  in  the  temperature  of  the  kiln, 
which  must,  therefore,  he  reheated  in  order  that  a  uniform  ('oating  of  gla/.t*  may 
be  produced.  It  is  usually  nt'cessary  to  treat  the  goods  a  secxaid  or  vvim  a 
third  time  with  salt,  the  temperature  of  the  kiln  Innng  raised  lietwt*en  each 
salting. 

If,  during  the  wilting,  tin*  kiln  is  hfutctl  uncirr  rmluring  catniitiiuis,  the  pipes  will  !se  darker  In 
Colour  than  if  (jsitlising  conditions  prevailetl  throughout,  Tlie  cpiantity  <»f  salt  usetl  varies  with  the 
arrangement  of  the  goods,  hut  averages  about  i  o/.  for  each  cu!»iefoor  «*f  kiln  npare.  It  b  important 
to  observe  that,  for  the  prtHluetion  of  a  good  salt  gla/e,  tla*  ware  must  he  Jiuffiriently  siliceous  and 
refractory;  highly  aluinimniH  ware  will  not  gla/e  well  in  this  manner,  and  unless  the  ware  is 
sufficiently  refractt>ry  to  stand  prt»longed  heating  at  ur  above,  it  is  extiemely  difiicidt  lf» 

obtain  a  good  salt  glare, 

(dazed  pipes  are  tt‘stcd  by  phtgging  ca<*h  end  and  pumping  in  water  unlil  tlu' 
desired  pre.ssure  is  reac'hed  insitle  the  pipt*, 

Tlu*  pressure  Klumhl  he  appHetl  steadily,  utal  •  laadd  !*e  maintained  fm  al  Ira  4  an  hour.  Smiiic 
engineers  .Hpr-eifv  that  the  tc'sl  must  !»e  matir  on  seieral  pipc-s  }*>}ned  togrihri,  and  ihiU  the  pfc/aiir 
must  he  maint.iinetl  f(»t  twelve  Imms.  IVsts  in  which  the  ptrsstne  is  ineiistsnl  iinti!  flir  pigr  h«r4s 
an*  of  littk*  \alue  ;  what  is  nec*ded  is  a  test  winch  will  show  lliat  the  pipes atr  sfoaig  riioiigli  to  irsisi 
any  pieshuic  to  which  they  arc  hkely  to  he  subjected. 

Paving  blocks  and  tiles  are  used  far  less  eMensively  in  Clreal  Ilrttain  than 
in  America.  Hus  is  partly  due  tt)  llie  ut*c*eHhiliility  t»f  sintahle  sumt*  at  prirf*s 
wltieh  enmpan?  favourably  with  tit!u*r  road  materials,  espetaally  wlieit  duriibiliiy  hi 
considered. 

It  has  Ihtii  proved  Ity  numerous ‘Mest  ro*idH“thiii  propnly  liiailr  paviiig  hrnk’^  utr  liir  iincil 
dura!4e  of  any  inateihd  escept  Ahrideeii  griiiiitr,  and  flial  they  are  fai  stipriioi  in  ilm  rrspri  I  to 
jniimdiimisrd  romb.  The  relalliely  Miudl  e\lriil  to  which  lliry  ntr  tisril  ii  iltir  morr  lo  kek  *4 

initiative  than  ttt  any  inhrient  ilisadv, images. 

For  xUihle  \mds  and  oihei  tlo»»m  which  tr«ptiie  firtpirni  wa’ilniig,  |aiing  Imuii  4  diliiihle 

mitteiial  which  is  easdy  kepi  clean,  and  they  aie  latgriy  U’»r*l  fu  llm  |nii|iMsr, 

Paving  tiles  and  bricks  must  be*  suffit'ienlly  hard  to  restiil  th<*  abriifiive  aelkiii  of 
trafhe  passing  over  them.  Hiey  should  be  niiide  of  clays  which  vitrify  reiitlily  iintl 
uniformly,  as  well  vitrified  clays  form  the  strongest  of  all  irlificiil  iiiones. 

Suiiahlr  rkyi  orciir  In  Viifimni  roiivrniriil  parKof  C#mtl  llrilfUfi  ■ -pafiieiikily  in  Slitf«i'<l4ilrr 
and  Stiiith  Yorkshirr  '"'Ho  ihti  ftie  Ckiniifirrifat  pri4eiice  of  mldiiig  a  flux  iti  it  refrieiofy  cl«y  ktidtlttiii, 
if  ever,  userl  in  this  rotmlry. 

As  the  chief  flux  in  the  bcit  elites  used  ftir  paving  bricks  iii  ferrous  oxiclci  it  is 
necessary  to  fire  the  kiln  under  reducing  ctinditiooi#  All  vitrifiiible  cliyi  rich  in  iron 
comptnmds  become  more  fuiible  when  the  iron  is  reduced  to  the  ferroiii  state  lhaii 
when  it  remains  as  ferric  oxide. 

In  all  stoneware,  but  particularly  in  paving  liricks  and  tiles,  it  m  esiietitial  Ihiil 
the  material  should  Inive  a  long  range  of  viiriftcniiom  In  other  words,  ii  coiv 
siderable  lime  must  elapse  between  the  eommencaaneiit  of  vitrific’iiiion  luul  llic? 
point  at  wliich  the  goods  begin  to  lose  their  shape. 

Ftjfiidj,  *>otla  and  lime  are  uti^iiitalik  fliixei  they  ciiieir  a  eolkpMr  loit  ‘ioon  alirr  ilir  rotfi 
mrtirvmcni  <4  vinifiratuin,  whrrriiH  with  imigneim  ami  iron  oxt«k»»  ilir  tiiinvul  ih  mmti  hutgrr, 
iiiitl  ihr  pfirrH  III  tlic  gouiFt  iiiity  he  rompicirly  t'dlrd  with  mairrkil  with»»ul  ‘♦riiomi  l«%i  »4 

shape  ocemring,  providing  that  ilm  trinfieritiurv  dor»  nni  riiie  loo  rupidly*  Ii  h  im{«i»ihtr  In  wair 
very  ckdinitr  limtH  for  iheiii*  corMiiwrnH.  tun  11  maxiitiiim  til’  3  prr  ernt,  of  alkalis  will  gciirrally 
found  »ali»fiictory.  The  iron  firrHcni  may  iniioimt  to  a«  niitcli  m  15  |>rr  mil.,  itntl  »ti*Hild  iwi  hf 
below  5  per  fefiL,  expre^iSrd  ferric  o^ide. 

Hie  tfuality  <if  the  goods  wil!  tk!{>t,*iul  on  the  texture  and  composition  of  the  clay 
used,  and  on  the  ikill  with  which  they  liiive  been  burned.  It  ii  eiisentiiil  ihiii  a 
sufficient  proportion  of  coarse,  refractory  miitertail  shcHild  be  present  in  order  l<t 
form  a  support  or  ikeletcin  for  the  fiiml  miiteriid.  If  this  refritelory  ccinstitiieni  is 
absent,  or  If  it  is  spoiled  by  being  ground  too  fine,  the  range  of  vitrlfiratimi 
will  be  shortened,  and  the  goodn  will  collapse  and  twist. 
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In  the  l>€st  vitrifiable  ckyn  this  refrartcuy  porlhtn  is  iHiiallv  in  ilir  fi*rm  tif  irkiivrly^  emirir 
grains  of  silica;  to  others  a  suitable  proportitm  of  rnit4etl  tire4irieks  iii.i)  hr  II  the  irlVaettiry 

particles  are  too  large  they  will  prevent  the  material  Iwniig  |ito|irily  vitriftnl,  awl  il  h  iltrfelure 
necessary  to  test  very  carefully  any  fresh  rbiys  ulikh  it  if  profawi  lo  iwr  lot  ihr  fiiatiwinturf  of 

vitrified  bricks^  blta:ks,  or  tiles. 

I'he  colour  of  paving  bricks  anti  tiles  iiKiy  in*  pale  yellow,  as  some  tif  llie 
Bytham  bricks,  but  more  frec|uently  they  are  a  Idiiislt  grey.  **  SiafTurtlshire  blue 
bricks”  are  typical  vitrified  bricks,  Ihougli  they  are  ih»I  •■■iittlrss  sprrially  preparecl-- 
particularly  suitable  for  paving  purposes  ;  with  a  little  iiiodilicatitiii,  however,  paving 
bricks  and  tiles  of  the  !)est  t|iudity  can  he  made  from  the  saint!  iiiaierial 

The  *M»l«f colour  k  due  to  the  rcthired  iron  ciunptuinils  ro«iliiniii|»  witli  ilir  altiitiitm  ind 
silica  in  the  clay,  hut  its  intenHity  i*i  Hnmeliinei  incrra*i!tl  by  thr  tlrpraiimi  of  ritkin 

in  the  pores  of  the  material. 

Testing^.— leaving  blocks  and  tiles  may  be  leslnl  for  jnirusiiy  by  weighing 
them,  immersing  them  in  water  for  some  hours,  wiping  the  %iirjiItH  water  rapitily 
from  the  surface,  and  re-weighing,  llie  increase  in  weight  mail  be  diir  lo  the 
water  absorbed  by  the  fjorcs,  and  may  be  expressed  iw  a  penaiinige  nf  the  weight 
of  the  original  artitde,  or  preferably  in  terms  of  a  jM^reeiitage  by  voliiiitr. 

Well-made  gcwnb  for  paiving  sliotilil  «*»l  dmw  a  gmiin  1  firf  crnt  »»f  ifirii 

weight,  and,  prekralily,  the  anituini  of  wiiicr  airtorbril  ilifuilil  l»r  lr«»  itwii  llii’*.  Tlio*  |«»f*r4iy  ir%i 
is  only  of  indirect  value  a*i  serving  lo  Ifoiti  iKiimei  ailirir’-i. 

For  testing  the  duntbility  of  the  brick  paving  IiIch  in  ieii%  variotiH  iiirilmil't  Ii.ive 
been  suggested,  tliough  none  of  them  are  complelcly 

In  the  United  Stales— where  niiny  ttiiki  «l  lirkk  |iivei|  rotilm  wr  itt  e%kiriicr  -ihr  »i3ftfbif4 
test  consbti  in  weighing  a  mimlier  of  liricki,  |itictii|  itteiw  in  a  dfiiiii  with  a  nuitutiir  wttglii  *4  itoit 
Imlk,  and  rotating  the  tlrinti  for  wvwal  lifiwii,  Tlte  hrkks  ait  Ititfi  rftiitifril,  *#f  irv. 

than  a  in.  diameter  are  rejeettti,  iinil  the  rtttiiliiilef  k  Tlie  Irini  nf  welglil  Ci  lakrii  m  m 

inverse  measure  of  the  value  of  the  gnciils. 

Another  test,  largely  uicd  in  f#ern»ny,  rniwfit^  In  fixing  a  istti|ile  ttilck  rtr  tilt  jii*i  4l*ivr  » 
rotating  plate  attaining  Mind.  The  anifiitni  of  fiiiileriiil  grtiiiiul  aw^y  in  a  iwitf  t% 

considered  to  indicate  the  durability  of  the  iirlick  IciIttI, 

Both  these  teits  arc  ijiiiic  empirical,  amt  their  rciiilw  are  nf  only  iitiiilttl  viilir. 
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SECTION  LXIX 

BRICKS 
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A  fiarlinilatly  rumi^lrtr  Iml  i»f  Unik*!  am!  Irrhniral  itniinaK  Braliiti*  Ike  maitiil.ii  »4 
l>ricks  in  puhlinhecl  in  “Thr  Claywoikcr*?!  llamlUiHk.** 

The  literature  relating  t«  the  iimntifaruire  cif  hrit^ki  ih  vt*ry  r^lriinivc—  llimigli  iiiiirli 
of  it  has  only  heecitne  iivailahle  (luring  the  liisl  few  yeiirM«-  iiimI  the  iitrioiw 
maclrines  and  proresses  eiiiployetl  lire  now  so  niiiiii^roiis  that  they  riiiifiol  tir 
described  within  the  ipace  availahle  in  the  fireserit  vciliitnt** 

Briefly,  there  are  s«  chief  grinips  of  bricks :  («)  lluilclirig  bricki,  (l|  etigiiirering 
bricks,  (r)  refractory  or  fire-bricks,  (#/)  paying  bricki,  (#)  gliiecl  bricks  iiiicl  (/) 
liine’iand  bricks. 

Building  bricks  are  of  varioui  shapei  and  si^as,  the  moit  iiti|iorliini  being 
parallelopif^edons  or  prisms  metmtring  alamt  9  in.  x  4I  In.  x  3|  or  3  in. 

Bricks  used  for  exterior  work  are  known  »as  facing  bricks,  and  must  be  of 
pkmsing  colour  and  accurate  in  siie  and  shape,  For  interior  work,  and  where 
they  are  covered  with  plaster,  iiucco  or  rougtECiist,  less  accuracy  in  needed,  iind 
colour  is^of  little  or  no  impontnce ;  inch  bricks  are  known  as  mmmon  m 
Stock  bricks,^  and  they  constitute  the  greater  part  of  the  bricks  iniiinifacturcd  iii 
the  present  time. 

^For  ornamental  puriioses,  bricks  of  S|ax:iiil  shape  are  employed,  for  details  t^f 
which  the  reader  should  consult  works  on  building  coniiruction,  or  one  of  the 
treatises  mentioned  at  the  head  of  this  section. 

Building  bricks  are  usually  of  a  uniform  red  or  buff  colour,  but  ioifut  with 
irregular  markings  in  blue  and  brown  are  much  prized  for  Sjiecial  work.  Htoctk  or 
common  bricks  are  usually  very  irregular  in  colour,  no  imins  being  taken  to  iecurc 
uniformity.  Some  of  the  Suffolk  bricki  are  quite  whitt?. 

*  In  KTftte  kioilittei,  itiick  bfkk«  arc  coniidciel  a*  «i|tiiv»k«t  tti  tirkki*  aii*l  %ii|irfii»r  Ui 
common  ones  s  in  tiich  localities  they  are  tli«  **«lecte*F^  bricks— clniwfi  on  aecuiiiii  of  iticii 
infierior  appetranct. 
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Mcss^t  Imikling  Itrick'^iiif  ^i*iv  |  i«4r*,  \U4i  .4*  <  «:>  ;*  r.^-h  li  »•.  *,/.  ,  | 

water  on  simple  hisi  «i4,|r  •-«.  i,  ■  r  . 

presses --’'as  the  Flell»»rt  itsailr  Py  ii.r  4\  p  >  *■  ■4'  ...^ ...  -■<  ■5'<  s.  ■%  s'rfj*  ,,|| 

account  of  thfsr  ciriiw  sniiaer.  Wlirn-  r.  ia.i!i  *  i^r  4-  •  s^-.;  ur  ,«  oV 

by  mixing  Kit*sr!|*uhi  or  -tawslir**  i  *  ■’  ’  .4*-  r^\  i  .  in.s, 

The  chief  ch;irm1tiislic'.  tjf  ItinlCju*;  uir  imIsoii.  .;iit|  dyntAiy 

of  shape.  No  definite  ^tainliid*  t"%r4  .oiv  -  .  .ne-  ee-i  liiu-i !  ■.  .did  h%i!i!n-* 

each  have  their  own  itle.ei  on  tli**  tiiaiifi. 

In  I«)04  the  Ro'^al  t?  I‘iiis.h  ^ 't  *'.  i--  ..  i%i  %  , 

following  limil**:  ltii|pl>  bfittfiit  4}.  4*'4.  "  4.  I  4-  ^  ^  I  o  -n.  *  i,  in. 

Thickness  betwrrt)  ia  ssi.  itii4  ti® 

Thr  of  iiHMstiiim,  tii‘“  bo*  k'  *  m -•  n  O  r  .  v  n  ’  \  *  ’* 

(t|  Thr  lrii|:iti  of  ibr  -fi  ;C.  I  .r  ...  **;*  v  t,  ,i-  ?  . 

joiiil. 

(2)  llrickwt  rk  nmiiinr  mi  i  v4  »  -  >  ^  ^  ^ I  ^  ^  ?  * 

Joints  siniulfl  br  f  ill.  iloik,  ,ei»l  4ti  r . !i  4  '  ,  tr.  4  *  ,  i  5  .  .  1  ^ 

laritifs  in  the  bocks.  .  ,1  .i.itiealb  ,  I  j-  %  ^  ^  ,  .  >1* 

The  liricks  kltl  iliy*  lo  br  110  jntfnl  sii  m  ^  Im  1,,  14 

A.  Kiglil  sioicliri*  lioi  ro*!  '•  .....  .1.-.  :< 

iiieasiirr  72  iti, 

li  Eight  heailrr*!  knl  *4tle  1 1  4»ir,  |f.  11*41  «  a  ►  ?  ^  ‘  ^  1  r  «, ,  »  *  j  . 

C.  Eighi  tisirk »»  ttir  f4i  c*  bfi»  Is  iitt,' #b»as  t%  C,  4,i  '1  .O’-n  a  ^  4  4  ,1 

Ill  biick  |i>  itira^iiir  21 1  lit, 

A  margin  of  t  in.  Irs  will  hr  4lb4iiti  o.  \  a  .  t  •'  b  .  '  E  %  m 

The  stiimianl  ha’  Irrii  iii..os  I  r’tt^rrn  tio  I*  »  1.  I  ..  ^  ^  -*  1  *.  s-  1 

workers,  anil  li.is  brni  fed  i«  »  »ii  ow/b  iti  '  ’  <  .  a  ?  w  »  i-srj  4  .  '  «fr. 

Institution  of  Eivll  Eiigiiireis. 

(ircat  viirialioii?^  iit  tftr*!iiii|f  i|iri?Kih  die  ?  Esrii.^bb  1 «  I  *-  I  t.i.i  ic,  doi!  trfi! 
parts  of  the  coimliy.  ‘Ilirse  «irr  fatlH  i^»  iciirteid  s  .4  U  <•  ?  !4i  ,  po^A  ihr 
method  of  tllimtibiCitire,  and  pailiy  in  ihe  .  l  n  -.4^  e  4'.  ..  >  ar  e.rtr*  i 

‘‘best  quality”  lirit*k,s, 


The  following  C1I4*  go rs  soilir  iifr A  4|  fill  -  -J  0.-  .8 

.  I  iva  r--r.t 

I  *^41**  >tJAi  I 

LontI*  II  girv  4«  *  I  i'le  I  ^  ^  # 

Hiiflttlk  wtiilr  bin  I  .  |l#4ii!ii  1 , 

Essesi  fr*l  siftfl  ii*^i  k  *  ’’ 

ErirrslrOibtfr  ir4  I  e%iir  .4  '  s  . 

Hrilofi  biii'ks  Isriol  *lii  |td  <  r'.v»  j  •, 

Hlaliofiisliiie  blur  bin  kn  s 

Hoiiili  Voilstnir  btnk#  e-tiii  |  |  *!«  <  *  -41 

Ihio  li  rlmlit  Is  bbicb^nko  d* 

Rtlbln  bink'.  41*4  lUflrfii  i%ri|'  t  ao#1  • 


The  stroiigcbl  lirirk*!  t»tit  ti^iwlly  hr  disiiecic' 4  i*%  i!.-*  ?!  411  le',  *.440! 
they  emit  wlicii  t%o  iirr  ’4iiirk  tunrilirf . 

Engiiicerittg  bricks  air  iibicir  oi  -  %hru  lor  .i--  icdddii  -‘n 
burned  than  till  btiikiiiig  bricks,  .itiif  mr  ftutscquidiiH  sitdiipr*  41.44 
bricks.  Enginceriiig  britk^arr  mni  Imi  ir  riti.its,  «  4  Hibri  loqMcrdf 

engineering  slrnrUirei  wltcfr  grriii  tiiirtigili  r*  tr  |  iiiril 

They  irt  mtially  blue  Of  grry  in  1  obint,  Etii  \  %iiiiCr4  'ta.«  3  ir  s?  1  r  %|  ^  as 

which  lire  excelirtil  fw  rfi|iiirriiti|  Air  |4si  4  >  .r  144  %■  »r .  h^*  l  14’  !  1.  ^ 

repiuaiion  tif  making  tbr  W%t  efigtiirriittg  Eti  I «»  in  Mr  I  unr  ?,  Ei«  -c  ^.  ..  1  *  .  »irri  i 

equally  gotMt  qwliiy  tttr  litiiiiibniiiiril  ill  itir  4i*4!E  1  br|  m*  ,  a  y  { 1  I'*.  , 

Refractory  or  furnace  bricks  »rr  ii4*4  mlm  pir^i  i*.  Iumi  i% 

required  Their  nitiirt  and  iiiaiiiiki  iiirt*  Mr  tlr*rt  tilml  14^  p  t|*i, 

PaTittg  bricks  are  cterritieil  tiii  ji,  ii||, 

Glazed  bricks  are  iimially  itiatic  nf  *i  Imfl  m  tfr^m  EtiiiiHii4  fr|t4fn4|  «liy 
(fire<ky)Mthe  applkaiifiii  of  ghiT^i  nitintiftifi^  |r*iil  ei  hntk%  ipii 

wholly  satisfactory,  and  the  iwe  of  a  |«irrrliiiifiii^  t#  frb-p4ibii  fp  ifp^l  i?i 

scarcely  fKmible  on  red  lirirk^  (in  mTmmt  of  ilifir  11ir  tisribful  pcnriiiily 
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utloptctl  is  precisely  the  same  as  fur  gla/iug  sanitary  ware  (p.  195),  tlie  bricks— 
t‘ither  in  a  raw  or  biscaiit  state— being  <lippi?ci  in  a  felspathic  gla/x\  dried,  ^'tnd 
burned  in  a  kiln  at  a  temperature  between  1,200'  and  1,300“  i\ 

Tlwre  ure  e%*er-recurring  attetupts  to  purchuM*  hrick.s  miclyaiuuic  suul  to  gla/e  them,  Imt  surli 
attempts  autst  Uhually  fail  for  «>ne  simple  reasoti :  ia  all  |tla/.ed  hriekwotk  sharp  etiges  are  e.sseiuial, 
arul  the  greatest  pains  nm%t  he  taken  not  to  have  the  htirks  elhppctl  t»r  damaged  previtais  to  the 
applieiuitm  of  the  gla/e.  It  is,  therefore,  imperative  that  they  should  ht*  nuule  and  ghu^-rd  on  the 
same  w<»rkH,  as  to  cart  them  indiseriminaiely  frian  one  place  to  another  would  damage  them 
irretrieviihly. 

Attempts  to  gla/.e  red  hrirk.s  are  almost  equally  unsat isfaetory  ft»r  iinoiher  reason  it  is  exceed* 
ingly  difficult  to  heat  the  wliole  of  the  hricks  in  a  kiln  uniformly,  yet  the*  limit  td  variation  permitterl 
hy  the  gla^^e  Is  .such  that  it  is  iilmost  impossihle  to  olitain  a  .sulfieietitlv  large  proportion  of  w^elh 
glared  red  hrirks  to  make  the  nnu'ess  remunerative.  With  the*  luudet  glu/es  used  on  hrieks  nmtie 
of  fire-clay  this  rliffieulty  is  far  less  serious,  as  the  variation  in  fcmperatuie  permitted  hy  the  gla/e  js 
much  greater  than  is  the  ease  witli  plumhiferous  gla/es.  I'he  aigument  that  the  lemperaiuie  in 
potters'  ovens  varies  as  hiiek  kiln  h>  inappHeahle,  as  the  potter  is  ahle  to  lu'rangr  for 

a  much  greater  variety  of  colours  than  can  he  applied  to  hiieks,  and  the  necessity  h»r  uniformity  of 
iint  ami  t«»nc  is  not  so  iprat  us  in  the  r’ase  »if  hrieks. 

Sand  lime  bricks  arc  made  by  heating  Nund  mix«*ti  witli  a  small  quantity  (d 
fr(‘shly  slaked  linu^  in  an  tmtcclavc  with  steam  multu'  pressure.  At  the  temperatine 
roaehed  in  tire  autnelave,  llu*  hmc  eumbines  with  a  purtimi  uf  the  sum!  atul  furtns 
a  minentitiouH  silieale  wliieh  bindn  the  paitieles  tif  saml  tugether. 

Sand  lime  bricks  are  iraliy  a  form  t»f  artitieiid  samlslone*'.  iiml  me  rrfeireil  to  in  the  %tniion 
<<!}  Artificial  Stones  {p.  ijil,  being  more  fully  deHcri!»eil  on  p.  32J. 

I’he  raw  materials  uned  fur  Intikling  bric-ki  iitv  the  variuus  clays,  marls, 
sands  and  shales  which  uecur  in  almust  evc*ry  part  uf  England  and  IridinuL  Stunt* 
cieetirs  in  sueh  ac*eessible  ftjrms  in  Heutland,  tlial  litic-ks  are  ttnly  used  lu  a  limited 
extent  in  that  euiintry. 

Apart  from  the  co*4  uf  pirparalion,  idino'4  any  clay  can  t>c  made  into  britkn,  but  tliii  veiy 
laeilify  con*%tiiute’*  a  *»cfiou*t  daugr*  to  the  wmild  !«'  mamifaciturt.  Thousand**  of  pouiah*  have  hern 
If»?»t  thtough  pr»»plt*  with  imaitfa'irnt  knowirdgr  of  ifir  'Uibject  iitlrmplmg  lu  inamsfacturr  hrirkii 
fr«»m  a  material  which  is  m  many  ie*qiert*»,  Miilahtr,  hut  for  which  llir  fmanria!  rondiiioiCi  are 
iiiifavtairahlr.  Fnr  this  rra*t*»n  4  romadlalam  with  a  irhablr  ami  impiittial  rxprri  tine  wlm  h 
eiutirly  fire  from  the  ohligaiitiiv^  of  %rlling  plaiitH  or  lulus  of  a  ttiirltmikir  dr^gii-^iH  always  aiKi«lilr 
am!  u%iiid!y  niv^%  murlt  wa%tc  of  mortey,  mmv  of  ihb  might  be  given,  but  oiir  itiwti 

Miltice  j  Whai  i*^  ktiowii  m  the  **  Louflon  rluy  ”  k  hirgrly  »n  e^crllriit  iiialriial  for  the  waniifitriiirr 
*if  brirk'i  iiial  liles  proirided  that  it  !•  inked  with  m  iiiltable  non  plastic  tubiUunci,  niirh  a*i 
mipI.  Alone,  tlir  Liiniliifi  rliiy  h  extremely  tlif’firiilt  to  n^iC,  but  in  tlio%r  paii»4  of  the  eoimify  where 
ii  otTiiri  ill  elcwe  proxiititly  to  11  iwitiblr  «rifl  it  is  11  vulyilile  ttmirriitl,  Khewlirre  il  w  of  link  or 
ricq  value,  m  the  m%l  of  tiiweliuiing  iiamt  ami  curling  il  to  ilie  brickworks  would  l*r  pfolilbitkr. 
Failure  in  retihstt  ilii%  hiii  Wen  the  ruin  tif  Biiitiy  brick  niiimifaritirers. 

11ie  ehitracteriitics  of  the  viirioui  clays  ii«ecl  in  bric*k-iiiitking  are  very  briefly 
outlined  in  the  section  cm  Clays  (p*  139),  but  the  reader  who  recjiiirci  further 
deliiik  should  consult  the  literiuiire  at  the  head  of  that  seclicm,  ana  particularly 
die  voliiiiic  cm  **  British  Clityg,  Shiitui,  anct  Siindi  ”  there  iiieiitiunecL 

llroatily^»»prakiiig  «4lititi||lpthr  ^perkl  ehiiraeierkties  of  errliilii  earltw  miikr  wiy  getierttl 
liirnt  immtiaariory  a  iiiiiteriiil  li»  lie  iiiiifk  iiiUt  ‘niiiy"  brkki  dtowhl  roiitiin  at  Iran  bid f  in 
weighl  of  iriir  i'lay.  itif  rmiaimkr  Icing  ehirfly  iillrroie*  imitirr,  ho  that  it%  ullimalr  triidydH  will 
tioi  Htiow  miirit  lr»H  tliaii  20  per  cent,  of  alumiriii,  nor  iilajve  75  pr  mu.  «»l  fulira.  It  in,  howevrr, 
pfisdltk  t«y  the  iinr  of  %|irryd  prircHitm  to  proiiiirr  cxrrlkitt  lifieks  from  almost  purr  ^ilira,  ho  ttiiil 
loti  iiiwtli  reliaiirr  tmea  imi  tie  plitcrd  upon  ihr  figurrH  glvni.  It  in  only  fair  to  remark  that 
fiilira  brirkn  ramiop  br  iiiaiiufaiiiirctl  t»y  the  Hiime  mrdtodH  iih  ilum*  tiled  for  ordinary  **  rlay '* 
brirki,  HO  liiat  llir  ligiifei  mrnfioned  are  lufftrieiiily  aetatritfr  for  tmifii  piirfioiitM,  «{«ckl  rasei  being 
deddrd  iiflrr  a  Hepioilc  etmiideration  cil  their  imiivithiitl  mentp, 

Hciiiie  clays  are  tuo  rich  in  clay  sutwtancx*  lu  be  siiiisfiictory  fur  brick  making  ; 
these  tiiiiHt  be  mixed  with  sand  ur  j*ume  uiher  siiiiable  nuir-plitstic  inaleriaL 

^  Vriy  rich  or  **fat  **  eliiyi  ihriiik  10  iiiiieh  W‘lieii  made  into  briekn  iiiid  dried  that  they  crack  ami 
twill  i«  an  riiritl  witirli  tfiitkci  tlieif  iiie  wiihoiit  admhiiire  lihiniif  ifit|it«dbk* 

Of  the  various  impurities  in  clays,  the  one  must  dreaded  hy  the  hrick-rmiker 
if  granular  imriides  of  limestone  lliesii  are  distributed  irregularly  in  «cmie  (days, 
and  when  brirki  are  madtq  burned  and  ready  fur  uie,  the  lime!  in  them  aliMirbs 
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ami,  in  many  will  hir.tk  ilu-  tui.  k-. 


moisture  from  the  air  ami,  in  many  nt.t.oHT.,  «.li  iwak  tin-  t.n.  H-.  «'» 

Bricks  of  this  character  may  u'-ually  In-  jecogu!*'!  d  hy  tin  a!iu«  •.put',  ilistni-iitvtl 

through  them. 

In  nnlnr  to  n-movv  tlf  lu.ti.'K',  ,.1  hmr4..,,r,  h  ».■  !.r.-o  Ur..  ,r.|,  il.rv 

only  take  out  "i^^Vunr-’Vhr.o  ""I;  a:;.:;  ^  .i;-.,:;;’, ;;; 

?hiX”rn.ov,  triV  a  lu-r'"-’*  •*>  ‘5-”  '> 


Fit;,  I.  Km¥f  r'l«f  ■ 


harm.  Two  fillirr  rfpicilki  fi^r  itiw  ti*4iif4r%«t«r  Air  m  ii,^  i.i 

the  bricks  in  the  kiln  iti  Mirli  »  iImi  ilir  birir  iif.l  i»ii4U5  tu 

Insfilubk  ftlwmin«-Mlteitr»  wiilrh  m  ibr  w'*»«n4  liirik#!  w 

as  they  mine  frtmi  ihe  kiln,  intii  w^tri  m  4|ttrti4i  ibr  iitur  ^n‘:ilh  li  li^s  tiinr 

swell  ami  break  the  lirkk%,  Tlterr  yire  i#lA’i«A4%  I*  i|i  ibr«r  arul,  telrffijr'i 

pnsfible,  clays  enntaining  graiitilar  |«filrl«^  ml  liiiir^itenr  nbl  !#•  Ai444r4 

Chalk,  oil  the  ccifitrary,  k  a  iprfiil  ut  \tnm  thiyi,  aiwt  i%  kiiirlf 

used  in  the  South  of  Eiiglaiid  in  plarr  cif  «nil  a%  a  iiiifi  jitii^li*  diiiiriil  tm  itir  rUf 

£ed  Mds  owe  their  rcibiir  lo  iron  rcifiijniiiiitl%  ihr  pimmr  imlum  iff  ^tiitfi 
is  not  well  uudersiood.  The  red  tint  ri  t'oiitifiiiiily  tiatrd  !»♦  it**  iliir  to  fr«*r  friiir 


im/CKs 


203 


I 


oxide  in  the  day,  but  this  is  improbable;  if  ferric  oxide  is  the  colouring  agtuit,  it 
must  be  produced  as  the  result  of  some  decomposition  occurriitg  in  the  kiln. 

The  addition  of  ferric  oxide  to  clays  to  improve  their  colour  hai  frequenUy  lH»en  suggested,  but 
the  results  obtained  tlo  not  usually  warrant  the  cost  ;  moret>ver  ferric  oxitie  added  in  this  way 
hehave-i  in  a  very  erratic  and  far  from  satisfactory  manner. 

i^ricks  are  ol)tained  by  burning  days  containing  only  a  very  pnall  propor¬ 
tion  of  iron  compounds,  such  as  the  fire-clays  or  the  vitrifiable  days  of  llytham. 

IVhiie  bricks  are  made  of  either  natural  or  artificial  mixtures  of  chalk  and 
ferruginous  day ;  such  mixtures  are  termed  malms  or  marls,  and  the  white  colour 
is  due  to  a  reaction  which  takes  f)lace  between  the  iron  compounds  and  the  chalk. 
The  white  bricks  of  Suffolk  arc  particularly  well  known. 

Preparation  of  Material-Having  obtained  a  suitable  material  or  one 
which  is  considered  sufficiently  suitable  to  warrant  experhnents  on  a  large  ^scale 
being  carried  out,  the  next  c|uestion  which  arises  is,  ‘‘  Which  is  the  most  suitabli! 
process  for  making  this  maitaial  into  bri<*ks?*’  A  full  answer  to  this  <|ueHtion 
involves  many  consi<lerations,  tlu^  most  important  of  which  <‘an  onl}‘  be  iudged 
by  an  expert.  Hence,  in  the  following  pages  no  more  than  tlie  barest  outline 


is  given  of  the  various  prot'esses,  and  reailers  wtihing  for  furlhcr  iiifiiriniitioii  iiiiiy 
consult  the  special  books  and  ireiitistm  upon  ihe  sulijeei,  such  ai  theme  iiienti«iiied 
on  p.  itjcj. 

'fhe  day  for  lirkk-Ttiaking  m  Uiiially  t|uarriecl  hut  the  ‘‘ritfiimd'  from  coiil 
mines  m  iiko  used  in  some  loralitici.  It  m  seklotti  that  diiy  for  building  bricks 
can  be  mined  by  underground  meihodw  at  11  rcmiinerttiva  rate*  The  day  in 
usually  dug  by  hand  labour  (spade  work)  with  the  aid  of  blasting  where  the  nature 
of  the  material  pt*rmits.  Where  a  siiflidenily  large  t|iiantity  is  needecl  11  steam 
navvy  (Fig.  ^1}  nmy  be  employed  with  aciv%a«itge,  m  when  worked  at  its  norniiil 
caimcity  it  will  dig  day  for  iilmiit  one^sixth  of  the  cost  of  hand  klmur. 

In  miiny  brickyards  the  clay  is  |>ernieateci  by  numerous  mmitis  or  vitiiw  of 
unfiiiiiable  maierifd,  so  tliiit  the  digging  r€c|uirt*i  ikilled  iupervision  and  the  use 
of  a  navvy  is  impossible. 

As  typical  rxiimplrs  i»f  ilir  iw«i  rxlrrmcs  ciay  nelllrtgi  itirrulofi  may  iiiiitir  «f  ihr  %m  «if 
a  ileftiii  tiavvy  al  the  wtirks  of  the  kifithw  Hfkk  t.!mit^|i«iy  at  whcri!  a  IrU  «l  Cixltirtl 

clay,  30-^1  ft.  ifi  Ueplli,  is  iltig  tmi  |«il  iiilti  waggniw  ai  iltt  ralt  of  t  tun  a  iiiitiiilc- . iiiitl  ilir  oriiifiiry 

•nitll  liriekyanl  in  llir  Isir  «if  Wight,  whrfr  llir  cwii|«ailk*ii  «tf  llte  niiilcriil  cenipkirly  cliwigri 
every  few  letl,  hikI,  in  snine  iiitiwicfs,  kyrri  tif  clay,  ianti  ami  nlher  riwieriak  ire  ftitittil 

till  earli  nilirr  fmt  siiigk  layer  initrr  itkn  a  fmit  in  ihickiieMl  lh«s  fiefrssitaiiiin  ihr 

greaitit  care  nn  ihr  pri  nf  tin*  men  griiiiig  ihr  cl»y,  m  snine  of  the  nllier  iiiaiefiak  mtiuhl  lie  very 
tfijnrittws  were  lliey  alliwrit  in  eiitrr  Ifiln  the  ctiRifMiiltinri  iif  itir  bricks. 

^  The  ii|tprmc«t  layer  or  miIwiiI  {freqiienity  lerwol  tallow  or  ovtrbuf4e»|  iisiially  be 
fe|ect«L  As  a  Ifetliic  ctitiW  tie  written  on  earli  of  ilit  chief  wrihotb  of  griiing  tiiairikl 

for  brick  itiakiiif,  wliethtr  by  qtiirfylng  m  liy  intl  ai  e  tfelitiled  tfes4:*ilpiiifii  wonhi  take 

«i  it»  fcf  fmmt  tmt  ittairi  mhjmx  of  Ihc  nninwfacliire  «f  hricki,  we  miisi  atsiitfir  tf»i  soitir  siitiirirfuly 
mtitteory  weiliiMl  «f  e  itip|ily  of  hiw  l««i  fniwtl,  atiil  ntiw  rotHufer  in  irraimrni. 
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After  the  clay  has  Iwn  ting  it  mav  he  m;I!I  thini  ihr  |4aia  mi  ii  tiiav  lie 

set  aside  to  enable  the  \U’al!H*i  iti  act  iipeii  it,  **  U  ralhfiun*  4  iii.iiLnl  rlin  t 

on  many  clays  and  shales,  enabling  them  Im  tr  liiin  li  iitMi*-  firaird  iit  ilir 

machines,  and,  in  sonu*  ca^rs,  tietiiig  iliriii  Itutii  iiiHlr’ai.ibie  nniaiiiiif****. 

The  clcmumi  for  brae  iiiiiiiln.  uf  .n  !.•«  |iur,  •  lr,l  1  .  ihr  4:i  uumuiur  ,4 

weathering  in  marivwurks;  r.  irgirifnl  r^rt.  1  wr.elinr.l  .im  inAr.* 

belter  !»riekH  than  ifiut  v\hit'h  tiM'if  wifliiii  a  Irw  iinnii''  .  1’  -  ^  si:-,,. 


"The  t*lay  is  next  sent  t<*  the  rleaiiiiig  |*l4ii!,  it  n  mI  h  4  naliiir  »i%  u»  ir'liiiir 
a  rough  luiriflcation,  I  wo  t^pes  nf  mat  aie  1**1  llir-i  laiiiiose  ihr 

first  consists  essentially  of  a  siarcii  01  litltllr  .iiaiiiC'4  wlmli  ili«*  f^ray  1  l.iv  loienl  ; 
the  clay  |mssrs  llirciiigii  lln*  priftiralititi*.  m  «i  flu*  'a  irni,  tin*  •atiiic^ 

and  gravel  remain  lietiiiitl  C|i.  ioil 


Sueh  an  arriiri|‘eiiieiit  ih  tawi*«ii‘4v  rfinlr»  asvl  iriii,  ir  *u  ifliiiii'  iljjin  A  ai. 

(Haineter,  m»  that  if  i**  r^iT|*i  l««r  rTii'. 


I'he  stTonil  lyfic  of  i4iy  ciriiiiiiig  |iliifit  h  feimwii  ft%  #1  wJtih  mill,  awl 
of  It  circular  well  in  which  11  ieric.^  of  iTrliral  liairowm  w  foiiiietl  f%rr  CflllCflt, 
p,  87,  Fig.  7).  'riie  clay  k  ihniwn  iiiiti  ilitii  widl  »i  kruc  i|ttitiitiif  *.if  waicf  initktJ, 
and  the  harrows  set  ill  itic'iliciii  SCI  *’W  iti  r}iiiiii  ilir  thiy  miti  «#tirf  mgrilirr.  Afin 
some  minute^  the  harrowi  arr  iiiitl  ilii?  flim!  |itiiiwiii  tiiii  of  in  iifnc 

settling  tanks. 

The  stones  and  grivel  rtiiiiin  Wtiltiil  iii  ilr  tmlK  4is4  At**  »4«srti  * 

h&i  iicctiiimktttL  Wlicfi  »  iwwlitrr  nl  4fd  ‘Is)  n  I4  ts’-k  ifiAiiifig  Om 

uiimlly  effecteil  in  a  waih  twii!. 

The  clay  in  tht?  irllliiig  taiikfi  graiitialiy  *4iiks  to  llir  biitiniig  aii4  afirt  4 
sufficient  time  has  ekpicil  ttti'  rlrati  Mijutiwnwl  »,iirt  ci  tiiii  *4I|  mvI  iIp-  '*oil 
clay  Is  cut  into  rough  blocks  and  allowed  ni  dry  tirhifr  b'lnc  Likrii  tn 

the  pug  mill 

^  The  cleaning  m  wadhiig  «if  tUy  t»  »ii  rxprittor  ^r.d  o  4%*  14^4  ^Irirtrt  |  *  .Mblr,  !,v4 

It  14  largely  ui«l  in  Kriii  iiiid  **it 

In  some  localities  the  clay  is  iiiiml  with  ihr  fiotii  dtitin^ait 

partly  to  reduce  the  pltitirity  ami  ^firiiikagr  of  itic  rky*  aipt  ptiitly  a  « onirinnii 
means  of  introducing  the  fuel  Inin  the  very  rriiifi?  of  itir  anti  v*  inattr  m 
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coiiiplete  a  burniitg  an  possible.  This  is  the  case  with  the  clanip-’burncd  stock 
hric:ks  sold  in  Ix>ndon. 

In  n)ost  methods  of  l)riek  maniifacturi?s  tlu:  raw  material  must  hv  caaivtTted 
into  a  paste  l)y  mixing  it  with  water.  In  the  eastt  of  soft  clays  this  is  effected  by 
means  of  a  pug  mill,  but  hard  clays  and  shales  must  first  lie  reduced  to  powder. 

(!lays  may  he  crushed  by  (a)  crushing  rolls,  or  (I)  edge-^runners.  Crushing' 
rolls  are  usually  mounted  in  pairs,  and  the  clay  or  shale  allowed  to  fall  on  top 
of  iliem  is  passed  between  them  and  crushed  in  the  process.  If  necessary,  several 
pairs  of  rolls  may  be  used,  each  pair  being  set  rather  closer  together  than  tlie 
preceding  ones,  so  as  to  eflect  a  gratlual  reduction  of  the  material 

Edge-runner  mills  resemble  those  used  for  mixing  mortar,  but  are  heavitu’ 
and  more  powerful  They  consist  of  two  millstones  wlttcli  rotate  on  a  horizontal 

shaft  above  either  a  fixed  bed  or  a  revolving  pan.  Perforations  or  slots  in  the 

bed  or  pan  permit  tlie  crusluai  material  tcj  pass  out  of  tlie  mill  into  a  rec*eptacle 

beneath,  from  whitit  it  is  raised  by  a  buekel  t*!evator  tt^  the  screens,  'Flu*  coarse* 


nialti’ial  is  reiitriicd  In  the  mill  for  ftirllitu'  ireatitietil,  and  llie  ptiwder  which  hm 
passed  tlifiiiigli  ilie  screen  is  taken  tu  the  pug  mills  or  mixing  matliiiiei. 

If  a  clay  is  very  tough  il  ii  soiiieliiiirs  iieressary  to  pass  it  firsi  ihrottglt  an 
cilgr  riiitiiri  iiiill  willi  large  slots,  and  then  tfiroug!i  sc*vrrid  pairs  of  roll*.  Some 
stiatiei  aini  oilirf  rocks  itsnl  tor  brii’k  making  mma  he  briikcti  into  small  lumps  in 
II  iili.iiie-lirrakrr  lirforr  ilicy  aic  |usseil  to  itif  cdgiMtiniier  iiiilH, 

|i,i  ,U  i  La  *1  Atr  pr-a  fr«!i{»r«l  liY  ritrtliiftiJ  iMlh,  .luU  OiiliV 

ri*f*  ifrjtril  iii  iii5in*'i  imll’i,  l»t{!  r,ti  It  nnttiics  tiipf  ititia  Pr 

Tempering  n  iIh’  tcini  used  to  iiiliiciile  the  cntiversioii  nf  a  clay  or  powdcnsl 
%hiih  iiilo  a  lioiiirtgriiroiis  p.isie  stiiiabli’  liir  llie  niaiiiifai:liirc  i#f  arlic-lei.  Ii  coiisisls 
cisriilially  m  t!ir  aitflilioii  of  usiiia  ainl  ils  ilionnigli  iiicurporatitiii  iiilci  the  mass. 

IVitiltrfifig  si  »*f|r  Isiiir,  rflri-’r-l  I4  liCli  itir  iti.ilriisl  ttitlt  tiillnl  IrrI,  Pill  flir 

«f  iiioiiig  sfi4  II4-4- iiiisoy  Icii  iseortt  ipr  sPsiitiMtiiiiriii  i4  **  itPfSiliui*,"  rfcrr|ii  m 

flit  I  .I'if’  «»|  I  .|  fttlilp«i|  atll  l|%rt|  111  ttlil  nf  ||ji‘ 

ilolfii’ii  *  rif|i:-ri,o  PI  liirtifiii.'  ii.ti  <#.0  -'Hri  siirf  liy 

Twii  kiiltls  Iff  leiiiprfifig  tinn  are  in  iisr,  dlie  tkst  i«  an  oprii  iroiigli  in 
willful  is  title  or  more  slwfis  ratryiiig  blides  or  ktiixTii  id  al  an  angle  to  il.  Siit  Ii 
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a  machine  is  known  as  an  open  mixen  A  similar  machine,  but  closed  except 
for  an  opening  at  each  end,  is  also  used,  and  is  known  as  a  pug  mill ;  in  addition 
to  mixing  the  clay  and  water  it  also  compresses  the  material,  and  if  the  outlet  end 
is  made  of  a  suitable  shape — as  when  fitted  with  a  mouthpiece — the  clay  paste 
issues  from  the  machine  in  a  compact  column  which  can  be  cut  into  bricks. 

In  this  way  a  pug  mill  serves  not  only  as  a  mixer,  but  as  a  brick-making  machine,  and  bricks 
so  made  are  said  to  be  produced  by  the  ‘‘expression”  or  “  wire-cut”  process  (p.  208).  Where 
hand-moulded  bricks  are  made  the  clay  issues  from  the  pug  mill  in  so  soft  a  state  that  no 
mouthpiece  is  needed. 

Clays  which  are  difficult  to  mix  with  water  require  the  use  of  a  long  open 
mixer,  followed  by  a  pug  mill  of  equal  length  and  capacity,  but  for  most  of  the 
south  country  clays  used  for  hand-moulded  bricks  a  single  vertical  pug  mill  is 
sufficient. 

Pug  mills  may  be  of  either  the  vertical  or  horizontal  type,  the  former  being  generally  used  for 
mild  clays  and  the  latter — in  conjunction  with  other  machinery — for  tough  or  hard  clays. 


Moulding  bricks  by  hand  is  one  of  the  earliest  methods  of  manufacture,  and 
it  is  still  used  to  an  enormous  extent  in  the  South  of  England.  In  the  Midlands 
and  North,  where  the  climatic  conditions  are  less  favourable,  bricks  are  usually 
produced  by  mechanical  means, 

A  brick  mould  consists  of  a  wooden  frame  which  is  large  enough  to  surround 

a  freshly  made  brick.  This  mould  has  no 
top  or  bottom,  and  must,  therefore,  be  laid 
on  a  table  or  bench  when  in  use. 

In  slop  moulding,  the  workman  dips 
the  mould  in  water  so  as  to  wet  it  thoroughly. 
He  then  places  it  on  a  prepared  part  of 
his  working  bench,  and  throws  into  it,  with 
great  force,  a  mass  of  clay  paste  rather 
more  than  sufficient  to  fill  it.  He  next 
presses  the  clay  well  into  the  corners  of  the 
mould  and  removes  any  superfluous  clay  by 
drawing  a  straight  piece  of  wood — termed  a 
He  then,  with  a  sudden  turn  of  his  wrists, 
lifts  the  mould  with  its  contents  and  holds  it  sideways,  and  either  hands  it  to  a 
boy  assistant  or  places  it  on  a  part  of  the  bench  ready  for  him.  The  boy  carries 
the  mould  away  to  the  drying  floor  or  ground,  and  carefully  placing  it  down,  he 
empties  out  the  soft  brick  without  spoiling  the  shape. 


Fig.  5. — Brick  Mould. 
strike — across  the  top  of  the  mould. 


In  sand  moulding,  the  interior  of  the  mould  is  covered  with  sand  instead  of 
water  previous  to  making  each  brick,  and  instead  of  a  boy  taking  away  the  mould, 
the  maker  empties  it  on  to  a  small  board — termed  a  pallet — and  a  boy  carries  the 
brick  away  between  two  pallets  to  the  drying  floor.  In  addition  to  giving  the  bricks 
a  pleasant  appearance  (sand  face),  the  method  of  sand  moulding  is  about  four  times 
as  rapid  as  slop  moulding,  but  cannot  be  used  for  all  clays. 

The  bricks  are  carried  on  light  spring  barrows  of  special  shape  (Fig.  6). 

One  reason  why  brick-making  machinery  has  made  so  little  progress  in  some  localities,  is  that  a 
man  and  a  boy  can  turn  out  36,000  bricks  a  week  by  hand  moulding,  and  this  is  sufficiently  cheap 
for  machinery  to  effect  no  appreciable  saving  where  the  clay  is  suitable  for  hand  moulding. 


If  hand  moulded  bricks  are  required  to  be  specially  accurate  in  shape  they  are 
allowed  to  become  partly  dry,  and  may  then  be  pressed  in  a  portable  press,  operated 
by  a  strong  youth. 

The  moulding  of  bricks  by  hand  requires  great  skill,  and  as  the  work  is  also 
laborious,  it  is  becoming  increasingly  difficult  to  obtain  good  moulders.  This  has 
led  to  the  introduction  of  machinery  to  imitate  the  hand-made  article,  but  such 
machines  have  never  become  really  popular  in  this  country.  In  the  United  States 
a  large  number  of  these  “  soft  mud  ”  machines  are  in  use  at  the  present  time. 
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Most  bricks  made  by  machinery  are  produced  by  one  of  the  following  methods  : 
{a)  Expressing  the  clay  through  a  mouthpiece  and  then  cutting  it  into  bricks ;  {b) 
forming  a  preliminary  clot  or  rough  brick  and  repressing  this  to  shape  (stiff-plastic 
process)  i  and  {c)  placing  the  moist  powder  or  shale  into  a  metallic  mould  and 
compressing  it  to  shape  in  a  powerful  mechanical  press  (semi-dry  process). 

The  special  advantages  of  processes  b  and  are  to  be  found  in  the  greater  stiffness  of  the  bricks 
produced  by  the  machines.  Owing  to  the  water  being  present  in  only  a  small  proportionj  such 
bricks  can  be  taken  direct  to  the  kilns  without  any  previous  drying.  This  materially  reduces  the 
cost  of  manufacture,  but  it  must  be  observed  that  mechanically  made  bricks  are  very  different  in 
many  respects  from  those  moulded  by  hand. 

Expressing  clay  through  a  mouthpiece  attached  to  the  end  of  a  pug  mill,  and 
then  cutting  the  extruding  clay  column  cross-wise  into  bricks,  is  a  method  of  manu¬ 
facture  which  can  be  applied  to  almost  any  clay  capable  of  being  made  into  bricks. 
As  wires  tightly  stretched  on  a  frame  form  the  means  whereby  the  clay  column  is 
cut,  this  method  of  manufacture  is  commonly  known  as  the  wire-cut  process. 
It  is  equally  applicable  to  the  production  of  pipes,  hollow  blocks,  and  a  variety  of 
other  articles.  As  in  the  hand-moulding  method,  the  clay  must  be  in  the  form  of  a 
soft  paste,  and  as  the  column  is  usually  cut  into  several  bricks  at  a  time,  these  are 


Fig.  8. — Mouthpiece — Assembled  and  in  Pieces. 

carried  on  a  large  board  or  pallet  to  the  drying  floor  or  on  to  the  cars,  which  are 
then  run  into  a  drying  tunnel.  If  desired,  wire-cut  bricks  may  be  pressed  after  they 
have  been  partially  dried. 

Where  a  clay  is  difficult  to  work  by  this  process,  the  insertion  of  a  pair  of  expression  rolls 
between  the  pug  mill  and  the  mouthpiece  will  often  facilitate  the  manufacture.  These  rolls  also  tend 
to  reduce  lamination  and  other  troubles  incidental  to, the  wire-cut  process  when  it  is  applied  to 
some  clays.  • 

In  the  stiff-plastic  process  of  brick-making,  the  clay  paste  must  be  very  much 
stiffer  than  for  hand  moulding,  and  as  such  a  paste  is  difficult  to  obtain  with  some 
clays,  the  stiff-plastic  process  has  been  most  successful  when  applied  to  shales  and 
other  dry  clays  which  are  capable  of  being  reduced  to  powder.  This  powder  is 
then  mixed  with  a  very  small  proportion  of  water  in  a  powerful  pug  mill,  and  the  stiff 
paste  is  forced  into  a  clot-mould  which  makes  it  roughly  of  the  desired  shape. 

Various  ingenious  devices  have  been  patented  for  producing  the  clot  or  rough 
brick,  but  only  two  are  now  extensively  used.  The  first  of  these  consists  of  a 
horizontal  steel  disc  or  table  fitted  with  moulds ;  the  clay  is  forced  into  one  of  these 
moulds  by  means  of  a  fixed  vertical  pug  mill,  and  the  table  then  makes  a  partial 
rotation,  placing  an  empty  mould  beneath  the  pug  mill.  After  the  table  has  rotated 
sufficiently,  one  of  the  moulds  is  emptied  automatically  by  means  of  a  rising  plunger, 
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ami  tlie  clot  is  llien  rwuly  for  tiu>  repress.  'I'his  arraiigcaiotit  is  ttie  basis  of  th 
Bradley  iS:  Craven  hriek  luaehine  (Fig.  lo). 


m 


11ic  icetmd  rncihcitl  til  iiiiikiiig  ;i  t1cit  f'lfuii  siifT  tby  in  fiirc:iiig  ii 

willi  II  riiiii  or  |*li|Ctiiill  iillt*  llit*  sfiareH  belwrrii  thf  riip  iil  ii  *t|rt’iiilly  wlit*rl» 

llir^r  foritiiog  ihv  iiiiiiilcl.  mill  lfiii|wiriiry  btiiig  ftniiirf!  Iiv  ilir 

raiiiitwtirk  iii  wliirlt  itii*  mitrri  A*i  llii*  wlirrl  tmailvrs,  llir  rliy  in  thr 
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mould  is  eventually  raised  to  the  level  of  the  repress,  and  the  clot  is  pushed  out 
sideways  by  means  of  a  lever  which  takes  it  direct  to  the  press.  This  arrangement 
is  the  essential  feature  of  the  machines  made  by  T.  C.  Fawcett  Ltd.,  and 
R.  Scholefield  respectively  (Fig.  II ). 

As  the  clots  are  only  roughly  shaped,  it  is  necessary  in  ^  each  case  to  employ  a 
press  in  connection  with  the  clot  mould,  and  the  machines  mentioned  are  so 
arranged  that  powdered  clay  is  delivered  into  one  part  of  the  machine  and  the 
properly  pressed  bricks  are  obtained  from  another.  This  is  effected  by  combining 
a  pug  mill,  clot  mould,  and  press  in  one  framework. 


Fig.  10. — Machine  for  Making  Bricks  by  the  Stiff-Plastic  Process. 

{By  courtesy  of  Messrs  Bradley  ^  Craven  Ltd.) 


Although  the  final  pressing  in  a  stiff-plastic  machine  really  constitutes  a  repressing  of  the  clot, 
some  m^ers  use  ^  additional  repress  machine  for  the  manufacture  of  facing  bricks,  the  bricks  being 
paped  into  this  immediately  after  leaving  the  ordinary  machine  or  after  they  have  been  partially 
dried.  Unless,  however,  the  material  is  peculiarly  difficult,  it  is  unnecessary  to  subject  them  to  this 
tr^ment.  If,  though  lack  of  adjustment,  the  machine  produces  unsatisfactory  bricks,  it  is  better  to 
adjust  the  machine  rather  than  to  give  the  bricks  additional  pressings,  though  with  some  clays  this 
cannot  be  avoided. 

The  average  output  of  a  stiff-plastic  machine  is  10,000  to  12,000  bricks  per  day  of  ten  hours. 

stiff-plastic  proc^,  whenever  it  can  be  properly  used,  is  the  most  satisfactory  of  all  methods 
of  bnck-making,  ^  it  combines  most  of  the  advantages  of  the  fully  developed  plastic  clay,  with  a  re¬ 
duced  cost  in  drjdng  the  bricks.  Stiff-plastic  bricks  may  go  direct  into  continuous  kilns,  but  it  is 
usually  better  to  dry  them  first  in  a  tunnel  drier,  or  on  a  steam-heated  floor,  as  the  moisture  is  then 
more  satisfactorily  removed  than  in  the  kUn,  and  the  loss  by  improperly  dried  bricks  is  much  less. 

The  Semi-Dry  Process. — Where  the  material  is  sufficiently  dry  to  be  in  the 
KMrm  of  a  powder  which  readily  “  balls  ”  on  leaving  the  grinding  pan,  it  is  often 
^onomical  to  work  it  up  without  any  addition  of  water  at  all.  As  the  material  is 
not  completely  dry,  this  process  is  known  indifferently  by  the  terms  semi-dry 
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unci  ‘\stini  |ilaNtit\“  both  being  e(|iially  unsuilublf,  but  iisc-c!  in  the  ub^en^t‘  of  nic»re 
aerurutc  teruis. 

m.iilr  I'V  iliin  air  qtiilr  tliiiiiirt  in  rlniniiinr  frum  in  which  ttr*  uUtHtirily  itf 

fhf  rky  luo  hrni  iiimc  fiilly  ilrvr!u|ifth  ninl  ihiHigh  lliry  writ*  miH’h  uhciI  h  lew  they  iirr 

ranitlly  taring  4i%|4»«*ctl  tc\cr|H  h*t  cmiiimm  wmk  near  I\Mntluii|  hy  %lilh|4iiiltr  hiickx 
l|Wlirfr  tlir  nwiriiul  i»t  A  iiiiliirr,  ihe  hciiu  dry  iiirlhMi!  ul  wurking  eilrWi  inatkcd 

wncniiifH  tti  flir  cteu  tif  |>r««|{ictit.ii,  m  it  tti%pfn*,eH  with  llir  c»»%f  uf  |iug|»in|»  iUid  drying*  niitl 
the  ItHinni  *»f  ihr  iinitrriii!  in  ihr  |i|i.yu  is  a!*t»  iiutifriallv  rcdiurd.  AgaiinU  ihist  iiund*  htiwrvfr* 
Itc  ^ri  ilir  aildrd  piittri  trt|iiitr«.l  tii  itic  niatrnal  iitUi  hrirkH  ;  liii?*»  jn  itiiijc  iti^lasieeH* 

lacing  very  grr*ii, 

’The  semi  dry  m  tarried  tmt  in  its  most  perfeet  form  in  the  neighbour 

lioods  of  ArcTiiiglon  and  Peterborough,  where*  a  suitablt*  niutcria!  exituicling  in 


Fltl»  II,  fur  llricki  by  iht  itilfdliiillc  Pfoei»«, 

/*,  r.’,  Aifiiff#//  /,/#/*! 


f refit  clepthf  ii  found  in  sueh  large  quiintitiei  as  to  fiicilitato  the  imiriiifac:ture  of 
Ticks  on  a  catlosa!  icaks 

To  be  worked  to  adviiniage  the  iiiaierial  must  bo  edeared  of  surface  soil^  nr 
‘‘aillow/’  and  must  be  tlien  worked  veriieallyi  so  tlial  several  strata  may  be  mixed 
together  in  definite  proportioni.  This  is  best  effected  by  using  powerful  ileiirn  cir 
idecurie  navvies,  which  arc  tmfmtjle  of  excuviiiiiig  a  Ion  of  material  at  a  single  «troke. 
*Vlm  material  is  then  taken  in  waggons  to  the  grinding  pans,  and  the  fine  prodiici 
iH  separalitd  by  iiieanH  of  st*:reeni.  It  rs  then  carried  away  by  spiriil  conveyers, 
which  mix  it  and  convey  it  siiiiultanecnisly,  the  coarse  rniterial  being  monwliik 
returned  i«  the  mills  to  be  regrtiund.  The  powder  fiilk  clown  a  small  chute  to  a 
Whittaker  prcis,  which  filli  first  a  iliding  feed  box,  and  thence  the  first  mould. 
1‘he  iimount  of  inaleriiil  receivcil  into  the  inciuld  emn  be  iiisianiitneouily  adjiiited 
to  allow  for  variattons  in  the  mofiture  in  the  miiierial  ^  'fhe  pressure  is  applied 
through  descending  pUingeri,  the  driving  mectmnism  being  ho  arriinged  m  lo  give 
two  dktincl  nips  or  pressures  tin  the  bricks. 
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The  object  of  thh  is  to  lilmilc  miicli  m  (t^mt  aiiii»i!i::  i*4i!ia*‘  .4*  |*  fh,i*  lUtrsi 

the  final  pressure  of  not  lesH^lhiin  Hci  tom  is  rseriol.  iSirir  iii.i>  lui!  i  r  4^,1  .m  iinpti r.r4.  .1.  ibi* 

would  cause  cracks  in  the  briclH. 

It  is  necessary  in  Peterhorenigh  li»  ri'|Wf*vi  ilir  brirks,  ihai  ffnii  tlisimri 

pressures  are  upplied»  vi/..,  two  in  the  lirsi  iiiuiibi  :iml  tn  tin- 

Bricks  made  in  this  way  ari?  su  dry  lltat  lliry  may  %ilrly  be  ttkrii  iliieei  Ut  iIh* 

kilns  and  burtteil  in  the  urdinary  iiuiiiiier. 

The  chief  advanlafp*'*  of  ihb  pro<r-s  foi  .hAlc  *  «ahri  f,M  i  wie-t.il  or  e^r  .e  |  ir-i-sr* 
which  may  W  rmplnybl,  wIuIhI  yet  |«o%rf  fliati  s  '  in  |  |.?.  f  i>r  ?!i-  4'  .riK.- 

of  dryina  arraugcincni'’*  and  ibe  4  *014  v  ?  #  en-  4n|  c  m|  tfsr 

Ah  thcHcare  not  plaHiic.  ihry  dniiil  .0  htik  in  Irtiiiiiie:  the  1  h  4  be.e-  lueibi^ 
or  warpinip  riic  divaiHanUgc-*  of  1I114  ilt<4  of  Inick  4ir  uiiIac.  |.ii4H-.  rtbeli  oficti  * 
them  ditiicult  to  lay  rapidlv.  ,w  imulai  dom  not  iradsH  !  » tfjrjp,  4^0*41-*'  f  . 

texture  to  which  plastic  mmie  brick  owe  tlirii  diii  ibidty.  ..«4  ilic  r  ip  -  i  4t  C4  o: 

a  perfecUv  lound  brick  which  i*  ol  r«|ii4l  iicnaly  and  ‘.nciiipli 

This  last  named  defect  it  sprcially  cliaiat  Irieaii'  of  '.rint  l*ii.  I.  41$. I  Ui  aifpi  imm  do 

have  been  made  to  tciiiovr  it*  tlieir  1.  no  impfiitir  41  pir’.^od  w  whpb  oi«4rU  .ori-'4»ir»ii 
with  certain  clays,  which  arc  nitierwisc  t|iiiir  soil  ibfr  hit  luatnit.o  vci/  ^  ^  !b. .  |  i  . 

From  tiu?  forogtnng  very  bri«’f  «lt"a*ii|diirti4  il  wdl  t*’  dta*  Itid  iiir  ihMil  in  In* 
employed  in  shapini;  the  brit^ks  iiiiisl  ific  li.iiiiio  id  ihd  » lay, 

a  plufid  « I IV  ff'inniint  a  irr-afiiii-in 
I|i|ifr  tllflrfrill  iftifii  lli.lt  wliirli  is 
lirSi  siiilrd  til  a  slirilc  Ml  li.ltii  t’bi|v 

III  «irr|  !|ir  fr'|i}itriiiirid'4  of 

flil-;*  III  is^llriir^ 

ol  tl|4»  liltIP'i  Atr  III  PTS-j  ImI  ImI  4  fillfs'l 
tk’o4l|*tiO||  ni  lii-rTr  ifir  fr44r|  1114I’  trfrf  I  » 

«Mo4rtil  I  V  \|4l  ;0|*  '  M  ^  1  dr'l4!JO< 
i»ii  I*  r*i*ri.. 

\f .iCtotir'iiia'I*'-  toil  1-1  .Ilf  r.lfnr4  mis 
lo'siffiiW'}  !•*  1I14!  ill  »mii  ill 

bl|V  I# 

Drying.  As  dliraili  r%pli|lti**i, 

il  il  ipiiiiilli*  iirtTV'^iiry  in  dry  lin* 
Iwiiirr  iliry  r'aii  hr  |4iirrt|  m 
itir  kilfiv.  Hie  tirrr'diily  nf  a  rdte-' 
fill  anti  t!iiiiMiu»li  dpi $114  ticrumM* 
Fici,  13, ’-diarriHv  lot  C kitty iii|:  Mai  tiiir  itliilr  4p|ial*ill  wlimi  it  i*i 

Miidr  Iliki*!.  Ill.ll  ffiilll  fill  bllik  a!  lived 

t  |ti.  i#f  mvilrt  ilinsl  bf  |r|«t*lc*l 

Articles  made  of  liiy  aie  so  deiitviir  itrhtir  lliry  4ir  luifiird,  »tfi4  an  'o^roiiio 
to  draughts  and  inddm  rliangrs  in  tt!iii|m'r.4liifr»  llvil  iliry  itnisi  hr  iftiril  m-iih 
exceptional  care.  In  iiiiiiiy  fwitfi  of  tlir  rifiiniiy  tlir  litiikv  air  *441  knl  in 
rows  or  hacks  in  the  ofnt  air,  and  iirr  itrnirrird  indii  ilid  iliin  1  f.tv*  >4  dr 
and  from  the  wind  by  cemiing  btiiiid\  awl  by  ♦  lutti,  !iiiiiili-a  *ii  bn#  luafii#  filord 
along  their  sides*  If  rarefiilly  irraiedi  iintfiy  brit  k^i  inay  be  dtini  liiiiiy  at 

very  little  cosh  bm^  the  {iriieeii  ii  very  slow  'fri|tiifiii||  vevrf,il  wrrlv  aiid  llie 
uncertainty  of  the  diinile  ii  also  a  vrriciii^  diiailfanlai^r. 

Where  bricks  arc  made  by  iiucliiiicryi  if  k  tistntl  n*  diy  llieiii  by  ailili*  eil  levil 
in  a  building  conilnicted  for  the  iiiiiiMi’ii’,  and  teiiiied  »  drier,  Htniif*  liiion 
consist  merely  of  large  shcdfi,  bennitfi  ihe  nf  wtip  ti  atr  braird  by  4  f*ir 

or  stearm  Tlie  bricks  are  laid  on  the  liiinr,  aiid  llir  klirr  iv  ilirii  biMtnl  ^rml}  4I 
a  rata  suitable  for  the  paniewkr  clay  in  iivtv  TliA  airafiiriiirfil  i\  i|iiiir  %m%U9  loif 
for  most  edays,  but  h  slow,  irf|iiire^  a  large  aiiifitiiit  iif  ijvitr,  .tnd  » ntcaiitir'*  4 
consideriibk  amount  of  fuel  If,  however,  llir  Hum  n  hivtlrd  liy  r%!uiit‘ii  Mivnn* 
the  laibrmmccl  ccinsiikKilion  h  of  littk  iiiiptiilaiipv* 

Where  the  tmijMil  is  siiftiriciiily  liigt%  britiH  imt)  bi*  iltiril  imifr  r%|iri|iiit4i  4^ 
with  kss  kiss  and  with  less  fiid,  by  lleiti  ;i  tHWlct  drier,  1i«v 

consists  of  a  wcxiden  or  wood  and  brii%  Mriiriiiie  id  utrat  tnigib,  mint  b  i  *  |ii4  Ui^n 
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enough  to  hold  a  series  of  cars  loaded  with  the  bricks  to  be  dried.  Warm  air  is 
drawn  into  this  tunnel  by  means  of  either  a  chimney  or  fan,  and  is  distributed  in 
such  a  manner  that  the  bricks  are  dried  as  rapidly  as  possible  with  the  least  risk  of 
cracking. 


In  the  best  forms  of  tunnel  drier,  the  bricks  are  dried  [a)  by  contact  with  warm  air  circulating 
through  the  tunnel  in  a  prearranged  manner,  and  {b)  by  radiation  from  a  false  ceiling  and  from 
the  heated  walls  and  pipes  in  the  tunnel. 

The  construction  of  tunnel  driers  is  in 
itself  simple,  but  with  delicate  clays  so  many 
matters  have  to  be  taken  into  consideration 
as  to  make  the  designing  of  a  really  satisfac¬ 
tory  tunnel  apparatus  a  matter  of  great  diffi¬ 
culty.  Consequently,  there  are  many  tunnel 
driers  in  use,  but  only  a  small  number  of 
them  work  with  reasonable  efficiency.  This 
is  largely  due  to  the  principles  underlying 
the  physics  of  drying  bricks  being  very  im¬ 
perfectly  understood  by  most  brick  manufac¬ 
turers  and  builders  of  driers.  The  physical 
changes  which  occur  in  drying  bricks  are 
highly  complex,  and  until  they  are  better 
known  than  is  at  present  the  case,  an 
“ideal”  drier  cannot  be  designed.  Never¬ 
theless  there  are  at  least  two  patterns  of 
tunnel  drier  in  use,  which  appear  to  meet  all 
requirements  except  that  they  are  costly  to 
instal  and  troublesome — though  not  expen¬ 
sive — to  maintain. 

In  drying  bricks  it  is  essential  to  bear  in  mind  that  the  interior  must  dry  at  the  same  rate  as  the 
exterior  ;  any  reversal  of  this  will  usually  result  in  cracked  bricks. 

The  difficulty  is  commonly  found  in  heating  the  interior  of  the  bricks  sufficiently  for  the  water 
in  them  to  be  vaporised  without,  at  the  same  time,  drying  the  exterior  at  such  a  rate  as  to 
cause  cracking. 

The  use  of  warm  air  containing  a  definite  and  regulable  proportion  of  water  appears  to  be 


Fig.  13. — Hack  or  Open-Air  Drier. 


Longitudinal  Section. 


Plan. 

P'lG.  14. — Tunnel  Drier, 


the  best  solution  of  the  problem,  and  is  an  important  feature  of  all  the  most  successful  forms  of 
tunnel  drier. 

All  bricks  have  two  critical  periods  during  the  drying :  the  first  is  during  the  removal  of  the  first 
portion  of  the  water — when  the  outer  particles  tend  to  shrink  more  rapidly  than  those  in  the  interior 
and  so  cause  surface  cracks ;  and  the  second  is  when  the  bricks  have  a  hardness  about  equal  to 
that  of  leather.  In  the  latter  stage,  they  are  often  exceptionally  sensitive  to  sudden  changes  in 
temperature,  and  to  draughts,  and  also  to  too  rapid  heating.  Many  existing  tunnel  driers  cannot 
be  worked  at  their  full  capacity  with  certain  clays  because  of  their  inability  to  deal  with  this  second 
stage  in  the  drying,  and  it  will  usually  be  found  that  only  those  driers  in  which  the  current  of  air 
travels  in  the  same  direction  as  the  bricks  are  satisfactory  in  this  respect. 
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The  great  advantage  of  all  tunnel  driers  is  that  the  goods  are  taken  from  the  brick  machine 
and  are  placed  on  cars ;  these  cars  then  travel  slowly  through  the  drier,  and  eventually  reach  the 
kiln,  without  any  direct  handling  of  the  bricks  bei^  necessary.  On  the  other  hand,  a  well-filled 
tunnel  drier  will  usually  cost  over  ;^i,5oo,  if  it  is  to  be  really  efficient,  and  the  interest  and 
depreciation  charges  on  this  capital  sum  are  sufficiently  large  to  make  many  brick  manufacturers 
prefer  to  use  the  older  and  more  wasteful  hot  floor. 

Burning’. — Bricks  which  have  merely  been  dried  are  too  friable  and  weak 
to  be  of  value.  The  object  of  burning  them  is  to  convert  this  weak  mass  into 
a  strong  stony  one,  which  is  capable  of  resisting  all  kinds  of  weather. 

It  should  be  noted  that  when  bricks  “baked”  or  heated  to  a  point  where  the  plasticity  is 
destroyed,  but  not  sufficiently  for  many  of  the  particles  to  fuse  and,  on  cooling,  makes  a  strong 
cementitious  mass,  the  bricks  are  more  durable  and  porous  and  are  useful  for  certain  purposes, 
but  they  will  not  last  as  long  as  those  which  have  been  properly  burned,  z.^.,  in  which  the  heating 
has  been  carried  to  such  an  extent  that  the  finished  bricks  consist  of  certain  rock-like  particles 


Fig.  15. — Archless  Kiln. 

{By  courtesy  of  Mr  H.  Harrison,') 


firmly  bound  together  by  a  species  of  slag  or  glass.  Such  vitrified  bricks  are  much  valued  by 
engineers  on  account  of  their  great  strength  and  durability,  but  for  ordinary  buildings  their  lack 
of  porosity  makes  them  difficult  to  lay,  and  many  bricklayers  therefore  object  to  use  them. 

When  a  clay  is  worked  up  in  a  plastic  condition,  there  is  not  the  same  necessity  to  burn  it  com¬ 
pletely,  as  the  bricks  are  usually  strong  and  durable  enough  without  this,  the  fineness  of  the 
particles  and  the  felting  nature  of  the  clay  being  sufficient ;  but  shales,  rock-clays  and  other  materials 
in  which  the  plasticity  has  not  been  fully  developed  in  the  manufacture  into  bricks,  require  to  be 
very  fully  burned  in  order  that  they  may  derive  from  the  vitrified  material  the  strength  which  they 
do  not  otherwise  gain  owing  to  their  lack  of  plasticity. 

The  temperature  to  which  a  given  brick  must  be  heated  in  order  that  it  may  be  satisfactory 
depends,  therefore,  on  the  nature  of  the  material,  the  method  of  manufacture,  and  the  purposes  for 
which  the  brick  is  to  be  used.  For  example,  a  brick  which  is  to  be  rubbed  down  to  a  particular 
shape,  as  in  the  construction  of  arches,  etc.,  must  be  sufficiently  soft  for  this  treatment,  and  cannot 
be  more  than  baked,  whilst  an  engineering  brick  must  be  as  hard  and  strong  as  possible.  It  is 
useless,  therefore,  to  attempt  to  determine  a  standard  temperature  at  which  bricks  shall  be  fired,  and 
each  brick  manufacturer  must  decide  for  himself  the  one  most  suited  for  his  customers’  particular 
needs. 

Kilns  . — In  consequence  of  the  great  variety  of  properties  required  in  bricks,  it 
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is  necessary  to  burn  them  in  diOferent  ways,  and,  therefore,  to  use  different  types 
of  kilns. 

At  the  present  time,  there  arc  so  many  patented  kilns  for  hrickdmrnini^  that  even  a  list  of  them 
would  he  too  leni^thy  ttj  he  t^iven  here,  and  many  (d'  these  patents  contain  ideas  and  features  o(  little 
or  no  commercial  value.  {1  details  are  lijiven  in  some  of  the  volumes  mentioned  on  p.  199.) 

At  the  same  time,  there  are  certain  kilns  which  are  of  the  greatest  importance,  and  ilie  imprtW’ 
ments  in  hricks  <lurin|*  the  last  thirty  years,  and  espcci« 
ally  in  the  great  reduction  in  cost  of  high  cjuality 
bricks,  is  due  in  great  measure  lev  the  modern  types  ot 

kiln  now  in  use.  !  I 

At  the  present  time,  there  are  five  distinct  types  1  • 

of  kiln  in  use  h»r  hrickdntrning,  each  with  its  siH'cial  \  1 

advantages,  and  the  hrick-maker  miwt  clumHe  acciod’  ,  j 

ing  to  hw  technical  rrH|uiremenis  and  in  the  capital  at  \  \ 

hii  dispceml  If  his  works  are  small,  with  an  output  ^ 

of  IcHi  than  a  million  bricks  per  annum,  he  may  not  I  I  ; 

have  suftieient  tnttput  to  erect  a  fuel -saving  'kiln,  HH  I  I  | 

and  must  he  content  to  suller  the  disadvantages  of  a  -jBBU.m . E . . . 

high  cost  of  manufacture  and  burn  lu  tS  cwt.  <d  c»nd,  —  1  r^aH*** 

where,  with  a  better  kiln,  J5  cwt,  wtndd  suffice.  --.jj.  ^ ^  ^ 

It  Is  commonly  argued  by  many  hiick  manufacturers 
that  only  a  eenain  type  of  kihrran  he  used  lor  theii 

hrickn,  hut  a  large  eiperiem*e  as  a  camsultant  iti  brick  ^ ^ 

manufacture  liioi  convinced  the  author  that  this  is 

incorrect  in  most  caseM,  and  that  if  the  output  ii 

sufiiciently  large  to  Justify  it»  erection,  one  of  the 

more  recent  coniirmtHw  kilns,  in  whieli  a  minimum  of 

fuel  is  employed,  can  he  used  for  every  kind  of  brick  HHhi 

and  architectural  terra-cotta  now  on  the  market,  with  L|||||||J  Im||||||J 

a  iavin|  of  J070  per  cent,  tif  fuel  an  ctnnpared  wiili 
.single  kilnt. 

C treat  care  is,  however,  neceswiry  tti  the  selertiiui 
of  a  nmdern  fuehsaving  kiln,  an  several  are  now  in 
use  which  are  comparatively  worthless,  because  the 
money  laid  down,  nlus  the  cust  td  repiurs,  overbalances 
the  s.iving  elfcrted  m  the  fuel.  l*lns  is  particularly 

the  case  with  kiliiH  which  are  tHo  short.  ..  ,  ...  ^ 

VUu  h>.  (  ross  Sectum  of  Round 

In  tiut  cibtlu!  way  dintritin,  and  fnr  Uan  Ibiwn-Draught  Kiln. 

[lorary  purposes,  the  simplest  fnriu  of  kiln 

IS  that  known  as  a  **  Clamp/*  This  c^nnsists  of  a  stnirture  of  nnburneti  bricks 
and  fuel,  the  latter  being  placed  at  the  base,  nr,  alternatively,  between  the  couries 
of  bricks.  The  bricks  are  so  arranged  that  suflicient  air  can  pass  between  them  to 
burn  tlie  fuel  and  fc»r  the  resulting  hot  gases  to  heat  the  bricks  suf!ic*iently. 
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Pin,  17.  Chtiss  Setiion  and  Plan  ttf  Down  Draught  Kiln. 

In  inch  it  kiln,  dir  tcm|>«fr^nirc  i«  very  irregular,  hut  if  the  hricki  are  proiicrly  arranged  it  it  not 
icuit  to  ohiiiiii  a  siiflicicnlly  large  promrriion  of  «tlcahlr  lirtcks  to  meet  (oiml  needs.  Where  a 


tlifficult  to  ohiiiiii  a  siiflicicnily  large  projmrtion  of  «tlcahlr  lirtcks  to  meet  focal  needs/  Where  a 
tieiier  brick  ii  rct|wife«l,  however,  form  of  kiln  in  which  the  bricks  do  not  come  in  contact  with 
the  fuel,  and  in  whieli  the  lieiit  h  under  lieticr  control,  mmt  hr  usihL 

Tht:  comtmetum  of  a  criimip  kiln  !ec|uires  so  much  skill  that  a  detailcjd  dcHcrip 
tioii  of  it  is  uiukstrablo  at  this  time,  especially  iw  this  kind  of  kiln  is  tdnelly  used 
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for  temporary  work,  and  equally  good,  and  often  better,  results  may  be  obtained  by 
constructing  an  archless  kiln  (Fig.  15)  and  substituting  a  fan  for  the  ordinary 
chimney. 

Such  a  kiln  can  be  erected  at  a  very  small  cost,  and  whilst  the  product  is  not  so  good  nor  the 
kiln  so  durable  as  when  properly  covered  in,  the  bricks  are  more  evenly  heated  than  in  a  clamp, 
and  are  as  saleable  as  common  bricks  in  almost  any  district. 

Single  kilns  are  much  used  for  brick-burning  (Fig.  17).  In  these,  the  fuel  is 
burned  in  special  fire-boxes  or  furnaces,  the  hot  gases  passing  through  and  around 
the  bricks  and  heating  them  to  the  desired  temperature. 

Single  kilns  may  be  of  three  types,  according  as  the  general  direction  of  the 
flames  is  upward,  downward,  or  horizontal  when  in  contact  with  the  goods. 
Up-draught  kilns  usually  have  several  fireplaces  at  each  side  or  somewhat 
beneath  the  floor,  whilst  the  chimney  (if  one  is  used)  is  at  the  top  of  the  kiln. 
Up-draught  kilns  for  bricks  may  be  either  circular  or  rectangular  in  shape,  the 
latter  being  preferable,  as  they  may  be  built  of  almost  any  capacity.  In  their 
simplest  form,  they  consist  of  a  space  enclosed  by  one  circular  or  four  straight  walls, 
the  bricks  to  be  burned  being  placed  within  the  space  in  such  a  manner  that  the 
hot  gases  from  the  fires  ascend  through  them  and  out  at  the  top  of  the  kiln. 


Some  up-draught  kilns  are  covered  with  permanent  brickwork  on  which  a  short  chimney  or  series 
of  chimneys  is  erected.  As  the  heat  enters  the  kiln  through  the  fire-boxes,  which  are  placed  some 

distance  apart,  it  rises  irregularly  in  a  series 
of  different  streams  which  do  not  completely 
mingle  and  consequently  the  goods  are  irregularly 
heated. 

In  down-draught  kilns,  the  general 
construction  is  similar,  but  the  hot  gases 
and  flames  first  rise  through  an  annular 
space  to  the  top  of  the  kiln,  and  are  de¬ 
flected  downwards  on  to  the  bricks  to  be 
burned,  spreading  themselves  fairly  evenly 
Fig.  18.— Newcastle  or  Horizontal  Kiln.  throughout  the  mass,  and  passing  through 

a  central  “well”  or  other  openings  in  the 
floor  to  the  main  flue,  and  thence  to  an  independent  chimney  (Figs.  16  and  17). 


The  heating  of  such  a  kiln  is  much  more  regular  than  that  of  an  up-draught  one,  and  some  of 
the  best  bricks  ever  made  have  been  produced  in  kilns  of  this  type.  Their  chief  disadvantage  is  the 
amount  of  fuel  required  per  thousand  bricks  burned,  which  is  seldom  less  than  8  cwt.,  and  is  often 
much  higher  than  this.  Consequently,  they  are  being  rapidly  replaced  by  continuous  kilns  in  which 
the  gases,  after  heating  one  set,  are  used  for  heating  a  further  set  of  bricks,  more  and  more 
bricks  being  used  until  the  temperature  of  the  gases  is  reduced  to  a  point  below  which  it  is  useless 
to  employ  them.  Even  in  such  a  kiln,  the  principles  of  the  down-draught  type  may  be  utilised  in 
almost  their  original  form,  and  for  the  best  facing  bricks  the  most  suitable  kiln  for  large  outputs  is 
virtually  a  series  of  down-draught  kilns  connected  together  so  as  to  make  the  fullest  possible  use  of 
the  heat  in  the  fire-gases. 


Horizontal  kilns  (Fig.  18),  with  the  fires  at  one  or  both  ends,  the  flue  gases 
being  taken  away  at  the  centre,  ’  or  at  the  end  opposite  to  the  fires,  are  much  used 
in  the  neighbourhood  of  Newcastle. 

They  are  specially  suited  to  the  production  of  very  high  temperatures,  such  as  are  needed  for 
burning  fire-bricks,  but  though  very  efficient  in  many  ways,  they  are  extravagant  in  fuel  unless 
connected  together  so  as  to  form  a  continuous  kiln. 

Semi-continuous  kilns  (Fig.  19)  are  intermediate  between  the  kilns  just 
described  and  those  with  a  continuous  firing.  They  are  more  economical  in  fuel 
than  the  former,  but  less  so  than  the  latter,  and  so  are  chiefly  used  where  the  output 
is  not  sufficient  for  a  completely  continuous  kiln. 

Though  sometimes  regarded  as  a  distinct  type  of  kiln,  those  working  semi-continuously  are 
really  incomplete  kilns  which  must  be  worked  as  well  as  the  circumstances  permit,  and  completed 
when  trade  warrants  the  erection  of  additional  chambers.  If  it  is  probable  that  the  output  of  the 
yard  will  only  be  small,  it  is  far  better  to  build  a  .small  continuous  kiln,  of  the  usual  length,  but  only 
half  or  one-third  the  usual  width,  as  by  this  means  better  results  can  be  obtained.  The  draught  in 
them  may  be  chiefly  horizontal  or  down-draught,  according  to  the  design  of  the  kiln. 
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In  all  ihc  iort*going  types,  tilt*  bricks  to  he  burned  are  placed  in  the  kiln,  arranged 
in  such  a  nuinner  tliat  the  hot  gases  uiay  circulate  among  them  as  freely  and  evenly 
as  possible.  'riu‘  hres  are  then  lighted  and  the  temperature  raised,  at  first  with 
extreme  care  and  slowness,  but  lattT  more  rapidly,  until  the  goods  have  been 
sufficiently  lieated. 

I'lu*  rf.oim^lur  grrai  rautiiia  iit  first  is  the  necessity  fiir  avuiding  a  rapid  evolution  of  water  from 
the  laiek.H,  as,  il  hcsited  lapidly,  the  steam  formed  could  not  escape,  and  would  crack  the  bricks, 
leiulering  them  useless.^  ICven^when  the  greatest  rare  is  taken,  some  bricks  are  iiHually  damagecl 
!»y  being  hrated  0*0  rapidly^at  first,  Kven  when  tlie  bricks  appear  to  be  thoroughly  dry  they  may 
csintiiin  one  stn‘rnth  of  llieir  weight  of  combined  water,”  which  must  be  removeil  before  the 
bricks  have  reached  a  temperature  much  above  Ck 

During  the  first  two  orphree  days  the  bricks  are  in  the  kiln,  therefore,  the  heating  must  be 
rslreinely  gentle*,  and  as  Uhs  necessitates  the  use  of  fires  which  are  only  allowerl  to  smoulder  or 
smoke  and  not  to  burn  brightly,  the  term  smoking”  is  uHually  appUetl  to  this  stage  of  the  firing. 
This  very  gentle  healing  must  be  continued  until  tlie  bnekn  show  no  signs  of  giving  ofl  .steam,  this 
la'ing  tmmlly  tested  by  irntting  a  clean,  cold  poker  into  iht!  kiln,  leaving  it  there  fbr  a  short  time, 
and  examining  it  immediately  it  lm\  been  withdrawn.  If  the  biicks  are  still  damp,  the  steam  in  the 
kiln  will  condense  on  the  cold  metal,  ami  will  reveal  iiselt  in  the  form  of  u  tlew.  Tliis  test  is  only 
11  rough  one,  but  it  sitflices  for  imm  biickonakro*. 

Olliers,  rH|iri*ially  on  the  t'lmlineni,  ptrlcr  to  conlimie 
the  healing  for  a  deliniir  number  of  Inmrs  with  the  kiln 
at  II  trmpeiatnre  tif,  say,  1  JcP  t‘. 

It  in  highly  adviinliigrous  lo  have  a  srimriilc  tine  for 
the  gasci  ami  slmm  ryolvr«l  at  this  ilage,  and  not  to 
puss  them  into  llir  tttiuii  tine.  The  iiic  of  such  a  sup- 
plrmrtuary  flue  im|mwci  tlie  c|Uttliiy  of  the  bricks,  nml 
rcifttccs  the  artwiinl  of  fuel  rm|iitf«l. 

As  wMiii  as  all  the  imikuirc  has  littrn  rtmovctl  at  ihis 
tcm|wrtliirc,  the  temtieritiure  m  ruined  rather  more 
rtjikilv,  hut  still  steadily,  until  11  dull  ml  heat  is  ob» 
lamed.  It  will  then  lie  found  that  a  further  evolution  of 


steam  often  lakes  place.  This  is  due  to  the  dcrom' 
position  of  ilic  clay,  and  the  liberal  ion  of  the  coinbitird 
water  in  it.  At  this  higher  frmpemtme  the  remains  of 
phinis  whit'll  may  be  ronlainr*!  in  the  mateiiid  begin  to 
Inirn,  ami  finir  is  irtpilred  fin  tlir  lomplete  ctmibn-ition 
<»!  these  and  of  aiiyc*ttbofi  whi«h  nuiy  be  in  the  |K>fes 
of  the  luieks.  If  this  singe  of  ihr  burning  Is  luiirieil 
the  bricks  will  lie  disrohmfrtl  itiwards  the  centre,  tml 
wiil  liiivr  tilark  nitrs  #if  heat  Is. 

'rite  Irmpeniturr  K  again  ratwsi  when  eII  the  emr^ 
btiintcroiw  itiaiirr  lias  t»ren  ilcsiroycd,  ind  the  hciiling 

is  roiitifiiied  itiiiil  the  bricks  have  ||iiftrtl  the  iiccessiry  Klin 

chmmmrnku,  whm  the  kiln  if  ftiloweil  to  cool,  any  *  ick-^^ciwTamtitmoui  Ki^ 
«|«iiifigi  tiring  clo«d  by  slahi  of  firtdirick,  Ittlerl  up 

wttli  eliy  |«sie,  •«  *»  to  prtvwit  cold  iilr  imiringirtf  on  itie  fmt  bricks,  iind  »o  erticking  them.  When 
the  kiln  k  Mifticleitlly  ctait,  llie  bricki  lire  Itiken  out,  and  the  kiln  itiiy  then  lie  refilled  with  freih  oneii. 


Aftctr  the*  bricks  lieitig  biirniicl  have  reached  a  red  fimt,  the  fire  pses  jmssing 
iu  It  sirigki  kiln  In  the  chimney  are,  tmturally,  very  hot,  hut  ihh  heat  is  wasted  in 
most  ame*!-.  Many  attempts  have  made  to  connect  mngle  kilns  together  jiy 
means  of  flues,  io  as  to  iililiic  tin’s  heat  as  well  as  that  given  off  by  the  cooling 
bricks,  but  they  have  not,  m  a  rule,  been  successful  unless  the  kilns  were  plac.etl 
side  by  side.  It  was  this  desire  to  economise  heat  which  eventually  led  to  the 
invention  of  the  continuous  kiln,  which  consists  essentially  of  a  number  of  single 
kilns  built  sale  by  sab*,  with  o|Hmings  in  the  partilion  walls. 

F,  HiilTiiian  went  even  further  tliaii  lliis,  and  abolished  the  intervening  walls,  so 
that  his  roiiiiriiifiiis  kiln  -'Which  may  be  regarded  as  the  Imsis  of  all  modern 
rontimifiii?^  outs  ronsiHieci  of  an  annular  space  in  which  the  goods  were  burned 
I  see  Figs  30  «!i|. 

II1C  originiil  Hoffman  kiln  In  cquivalciii  to  a  horizontal  one  of  ittfmite  length, 
the  lira!  Iiritig  applied  lo  itic  goods  ai  one  caid,  and  passing  along  them  horizontally 
iiiilil  flic  piims  lire  too  cold  to  be  of  any  fmllier  uhc*  In  practice  it  is  not  com 
veiiiriii  to  Itiivi*  a  long  narrow  kiln,  sri  tliat  the  iwti  ends  lire  jeflned  and  make 
a  large  aiiiiiiliir  sp:icT,  Il  m  very  imptirianl  that  sticlr  a  kiln  should  lie  sufllcif’ntly 
long,  as  if  lilt!  iliititiifc  triivrllcd  by  ttie  fire  is  loo  short,  futd  will  be  wasted. 
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bn  this  account  it  has  been  customary  in  recent  years  to  alter  the  original 
design  of  the  Hoffman  kiln,  and  to  make  it  either  very  long  with  rounded  ends 
(Fig.  20),  or  to  construct  it  in  the  form  of  a  series  of  short  tunnels,  which  turn 
on  each  other  in  a  kind  of  zigzag,  so  as  to  produce  a  kiln,  the  outside  walls  of 
which  are  almost  square  in  plan  (Fig.  21). 

In  this  way  much  less  land,  or  that  of  a  convenient  shape,  is  used  for  the  construction  of  the 
kiln,  without  reducing  its  efficiency. 

For  a  kiln  containing  fourteen  chambers,  and  a  total  inside  chamber  length  of 
196-200  ft.  as  a  minimum,  satisfactory  results  may  usually  be  obtained,  but  it  is 


Fig.  20. — Plan  of  Hoffman  Continuous  Kiln. 


Fig.  21. — Plan  of  Btihrer  Continuous  Kiln  and  Drier. 


necessary  to  keep  all  the  parts  of  the  kiln  in  full  work  if  the  fullest  economy  in  fuel 
is  to  be  realised.  Hence,  when  the  output  of  a  brickyard  is  likely  to  be  small, 
two  courses  are  open  to  the  brick-maker :  he  may  construct  only  half  or  a  quarter 
of  a  continuous  kiln  (thus  making  a  so-called  “  semi-continuous kiln),  or  he  may 
construct  a  complete  kiln  with  such  narrow  chambers  that  the  whole  can  be  used,, 
and  the  chambers  widened  as  the  output  increases. 

The  former  is  the  cheaper  of  the  two,  so  far  as  the  cost  of  erection  is  concerned,  but  is  wasteful 
in  fuel ;  the  latter  is  much  more  expensive  to  erect  and  alter  for  enlargement,  but  the  fuel  burned 
is  reduced  to  a  minimum. 

The  method  of  working  a  continuous  kiln  of  the  simplest  type  is,  briefly,  as. 
follows.  For  convenience  it  may  be  assumed  that  the  kiln  is  in  full  working  order, 
and  contains  fourteen  chambers.  No.  14  is  being  filled  with  bricks  from  the  drier 
or  machine  house.  No.  i  is  being  ‘‘smoked”  by  a  small  fire  contained  in  a. 
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portablt!  stove,  or  in  a  fireplace  built  in  the  doorways  of  this  chamber,  a 
partition  of  iron  or  of  paper  separating  it  from  the  remainder  of  the  kiln,  and 
making  it  temporarily  into  a  single  kilm  No.  2  is  dry  Nos.  3  to  6  arc  being 
slowly  heated  without  the  direct  use  of  fuel,  by  passing  the  hot  gases  from  Nos.  7 
and  8  (which  are  being  heated  by  coal)  through  them.  In  this  way  the  heat  from 
Nos.  7  and  8,  which  would,  if  they  were  single  kilns,  be  allowed  to  pass  up  the 
chimney  and  so  be  wasted,  is  utilised  in  the  preliminary  heating  of  four  other 
cliambers  full  of  bricks,  and  as  tlie  gases  pass  from  one  chamber  to  another  they 
gradually  lose  their  heat,  so  that  by  tlie  time  No.  3  is  reached  they  are  at  a 
temperature  of  only  150*'  200“  C,  It  is  then  useless  to  carry  them  through  any 
more  c*hambers,  so  they  are  taken  dirt*ct  to  the  chimney  stack  through  the  main 
flue.  The  fuel  is  supplied  through  feed  holes  in  the  roof  of  the  chambers,  and 
falls  into  hollow  pillars  made  of  lirieks,  in  which  it  burns.  No.  8  is  at  such  a 
temperature  that  it  constitutes  the  finishing  piunt  of  the  kiln  ;  the  higher  numbers 
are  tliose  containing  the  finished  but  hot  brieks.  In  ordtu*  to  t'ool  these  and  so 
enable  them  to  lie  taken  tnit  of  the  kiln,  the  dtiorway  in  Ni>.  12  (the  last  chaniher) 
is  opened  and  air  :uimitti*d.  'rhis  air  is  drawn  from  No.  12  to  No.  9,  becoming 
gradually  hatter  l>y  resasem  nf  its  contact  with  llu‘  tiricks,  so  tliat  by  the  time  it 
readies  No.  8,  in  whi«di  some  brieks  are  Inang  fired,  it  is  hot  enough  to  assist 
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greatly  the  combiiitioii  of  the  fuel  In  this  way  the  heat  contained  in  the  cooling 
orick»  is  used  over  again  for  the  heating  of  a  further  lot  Taking  tlie  chamliers  in 
the  order  given,  it  will  tliui  he  found  that  the  tem|iirriiture  in  each  gradually  rises, 
Noi.  I  and  3  lieiiig  at  soiiiething  below  tso*  Cl,  Nos.  3  to  7  from  i2o”*cjoo®  (I, 
and  No.  8  about  1,100''  (I,  or  lew  with  some  days.  From  Nos.  «}  to  the 
temperature  grndtially  fatls  again  from  1,000*  Cl  to  tlie  temperature  at  which  tlie 
bricks  are  taken  cml  of  the  kihv«-imiatly  about  25"  (T,  or  as  hot  as  they  can  be 
hiindled  comfortiddy. 

When  No.  8  has  been  lieiited  suflitu'cntly  tlie  connec!tion  lietwetui  No.  3  and 
the  chimney  is  cdosed  and  tlie  partition  lietween  No.  2  and  N«i.  3  is  removed  (if  it 
is  paper  it  is  simply  torn  with  a  |Kikt*r),  so  that  the  hot  gases  now  enter  No.^  2. 
Fuel  is  next  fed  into  No.  6,  but  no  uuae  is  added  to  No.  8,  whicli  therefore  begins 
to  Cfiol  In  No.  t  (which  slioutd  iirtw  be  filled  with  fresh  liricks)  the  “smoking 
process  is  begun  so  as  to  drive  out  the  water  in  tlie  liricks.  In  this  way  the  whole 
procew  of  healing  is  moved  on  one  ehiunher,  and  the  bricks  in  No.  12  wHI  now  he 
coo!  enough  to  Im  taken  oiil  and  it  refilled.  In  this  way  the  action  of  the  kiln  is  ciiiite 
continufHW  so  h«ig  an  ltii*re  is  a  sullif‘ient  supply  of  bricki  to  he  tnirned,  as  tlie 
fire  iraveN  forwartl,  iisiinlly  at  the  rate  of  one  chamber  per  <!ay,  and  the  kiln  being 
cirrukr  in  principle,  wliaiever  ils  appiireiit  form,  it  acti  as  though  it  were  of  infinite 
length. 

Aiitpitigli  »  kiln  wiili  iinlf  fiiirieea  cliaitiber^  t*rca  desrriliwl,  m*  dilfi  reprcirnl'i  ihr  %ht 
gcfierally  iiwb  llte  aiiitw  cwiiwlcfs  ii  tlwiit  f«if  isiuvrfiiriiee  and  a  kiln  with  as 
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sixteen  chambers.  The  larger  the  number  of  chambers  (within  certain  limits)  the  more  satisfactory 
will  be  the  burning.  Some  kilns  have  forty  chambers. 

Many  variations  have  been  made  in  the  design  of  continuous  kilns,  though  the 
general  principle  first  applied  by  Hoffman  is  continued  in  each  of  the  newer  kilns. 
The  alterations  consist  chiefly  in  means  used  to  produce  a  better  colour  in  the 
goods  by  keeping  them  out  of  contact  with  the  fuel,  and  to  effect  the  preliminary 
drying  in  the  kiln. 

The  chief  variations,  therefore,  consist  in  some  means  of  burning  the  fuel  in  special  fire-boxes 
and  in  effecting  the  drying  and  smoking  by  means  of  viarm  air  derived  from  the  kiln  itself  instead 
of  from  separate  fires. 

For  producing  bricks  in  which  the  colour  is  an  important  consideration  the  fuel  is  most  con¬ 
veniently  burned  in  fireplaces  built  across  the  kiln  between  each  two  chambers,  the  kiln  being 
usually,  though  not  necessarily,  divided  by  partitions  of  permanent  brickwork.  These  partitions 
absorb  a  certain  amount  of  heat,  and  so  reduce  the  efficiency  of  the  kiln  as  a  whole,  but  the  small 
loss  from  this  cause  is  more  than  counterbalanced  by  the  improved  colour  of  the  goods.  There  is 
much  divergence  of  opinion  as  to  the  relative  values  of  fire-boxes  with  solid  bottoms  and  those  with 
grates.  Much  depends  upon  the  nature  of  the  fuel,  and  when  this  will  burn  on  a  solid  bottom  the 
labour  of  cleaning  the  grates  is  obviously  avoided.  For  other  coals,  a  grate  may  be  essential  to  good 
combustion. 

In  the  original  Hoffman  kiln,  the  fuel  is  burned  in  small  shafts  left  in  setting  the  bricks  in  the 
kiln,  and  corresponding  to  openings  in  the  top,  through  which  the  fuel  is  fed  in  small  quantities  at 
a  time  every  fifteen  or  twenty  minutes.  When  fire-boxes  or  fire-grates  are  used,  however, 
the  fuel  is  added  either  fromjthe  front  of  the  kiln  or  through  openings  in  the  top  and  above  the  grate 
or  fire-box,  and  larger  quantities  may  be  added  at  a  time.  The  hot  gases  and  flames  from  the 
burning  coal  then  rise  upwards,  but  are  rapidly  drawn  horizontally  by  the  draught  of  the  kiln  until 
they  circulate  throughout  the  whole  width  and  height  of  the  chamber,  the  bricks  being  placed  in 
such  a  manner  that  there  is  an  appropriate  space  around  each  for  it  to  be  properly  heated  by  the 
gases.  If  it  is  desired  to  produce  bricks  which  are  of  a  specially  clear  colour,  a  permanent  flash  wall 
may  be  built  alongside  the  fire-box  or  grate,  so  as  to  force  the  flame  and  hot  gas  upwards  to  the  top 
of  the  kiln,  where  combustion  is  completed  before  the  goods  are  reached,  and  all  chances  of  the 
flame  coming  into  contact  with  the  bricks  are  avoided.  In  this  way,  a  series  of  down-draught  kilns 
may  be  worked  on  the  continuous  principle,  the  gases  being  taken  out  at  the  floor  of  the  chamber, 
instead  of  at  the  side  as  usual.  This  alteration  involves  a  more  complex  flue  construction,  but  has 
certain  advantages  which  need  not  be  detailed  here  (see  Fig.  23). 

The  use  of  hot  air  produced  by  the  kiln  itself  for  the  smoking  or  preliminary  warming  and 
drying  of  the  goods  has  not  met  with  the  appreciation  it  deserves.  This  is  due  to  a  variety  of 
causes,  the  chief  of  which  is  the  general  attitude  of  the  burners  who  prefer  what,  to  them,  is  the 
simpler  method  of  using  stoves  or  special  fires,  though  the  latter  are  far  from  economical.  The 
position  of  the  flues  used  to  convey  the  hot  air  in  certain  kilns  is  also  very  bad,  and  has  caused  this 
method  of  economising  fuel  and  labour  to  fall  into  disrepute.  Not  a  few  designers  of  continuous 
kilns  have  ignorantly  placed  the  hot-air  flues  in  the  positions  where  they  are  most  likely  to  be 
influenced  by  changes  in  the  temperature  of  the  kiln,  and  by  the  movement  of  the  masonry,  with  the 
result  that,  after  a  short  time,  these  flues  leak  and  become  practically  useless.  They  should, 
obviously,  be  placed  where  they  will  be  most  stable,  as  a  leak  of  comparatively  small  dimensions 
may  be  impossible  to  locate  or  repair,  and  yet  may  be  fatal  to  the  use  of  the  flue. 

The  object  of  using  warm  air  in  place  of  special  stoves  or  fires  is  two-fold,  viz.,  the. economy 
in  fuel  effected  and  (what  is  usually  more  important)  the  absence  of  white  or  grey  deposits  on 
the  bricks  due  to  the  condensation  on  them,  whilst  in  a  damp  state,  of  sulphuric  acid  derived  from 
the  burning  fuel.  When  the  goods  are  at  a  temperature  above  that  of  boiling  water  such  condensa¬ 
tion  cannot  occur,  and  direct  heating  may  then  be  used,  but  for  raising  them  to  this  temperature 
it  is  usually  desirable  to  employ  air  free  from  products  of  combustion. 

This  pure,  warm  air  must  not,  as  a  rule,  have  a  temperature  above  300°  C.,  and  at  the  com¬ 
mencement  of  the  heating  of  the  freshly  set  bricks  it  should  be  much  cooler,  though  its  most  suitable 
temperature  cannot  be  stated  definitely,  but  must  be  ascertained  by  experiment,  as  it  differs  with 
different  materials,  some  being  more  open  and  so  drying  more  readily. 

The  warm  air  used  may  be  obtained  from  various  sources,  and  can  seldom  be  all  obtained  from 
only  one.  The  most  obvious  part  of  the  kiln  from  which  it  may  be  obtained  is  the  chambers 
containing  the  cooling  bricks,  as  by  connecting  these  to  the  ones  containing  the  freshly  set  goods, 
by  means  of  temporary  or  permanent  flues,  it  is  easily  possible  to  draw  air  of  any  desired  temperature 
through  the  latter,  l^he  details  of  the  various  systems  of  pipes  and  flues  used  for  this  purpose  are 
too  complex  to  be  given  here,  but  it  may  be  stated  that  permanent  flues  are  usually  better  so  far 
as  the  economy  of  heat  is  concerned,  though  they  are  more  liable  to  leak  than  the  temporary  ones, 
which  are  generally  made  of  metal. 

The  heat  obtainable  from  the  chambers  of  cooling  bricks  is  seldom  sufficient,  and  it  must, 
therefore,  be  supplemented  by  air  heated  specially  in  some  other  part  of  the  kiln.  Many  devices 
have  been  patented  for  the  supply  of  this  additional  air,  the  two  most  successful  being  to  construct 
a  series  of  flues  either  below  the  floor  or  above  the  arched  top  of  the  kiln,  and  to  draw  air  through 
these  at  such  a  rate  that  it  may  gain  the  desired  temperature  before  it  enters  the  chambers  to  be 
warmed.  As  much  of  the  heat  in  the  brickwork  is  usually  lost  by  radiation,  it  will  readily  be  seen 
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that  flues  arranged  in  these  places  will  really  save  a  certain  amount  of  heat  which  would  otherwise 
be  lost,  so  that  by  no  means  all  the  heat  thus  supplied  to  the  air  passing  through  these  flues  can  be 
considered  as  involving  an  additional  consumption  of  fuel,  though  there  is  necessarily  a  slight 
increase  in  the  amount  of  fuel  burned  in  the  firing  proper  when  these  flues  are  used.  This  is  so 
much  less  than  that  required  in  the  stoves  or  special  fires  that  a  distinct  saving  on  the  whole  kiln 
is  effected. 

The  hot  air  (from  whatever  sources)  is  led  through  flues  to  the  cold  chambers  which  require  to 
be  warmed,  and  enters  them  by  suitable  flues  and  openings.  There  is  much  divergence  of  opinion 
as  to  the  best  position  in  which  to  admit  this  air,  some  authorities  preferring  to  allow  it  to  enter 
at  the  top  and  work  downwards,  whilst  others  adopt  the  opposite  direction.  Personally,  the  author 
prefers  to  use  an  entirely  upward  direction  for  the  gases  during  the  smoking,  or  to  dry  and  warm 
at  least  the  lower  contents  of  the  kiln  by  means  of  an  up-draught.  The  reason  for  this  preference 
is  the  fact  that  when  the  warm  air  or  gases  enter  at  the  top  of  the  kiln  they  gradually  become 
saturated  with  water  removed  from  the  bricks  themselves,  and  at  the  same  time  they  become 
cooler,  with  the  result  that  by  the  time  they  reach  the  lower  portion  of  the  kiln  they  cannot  contain 
all  the  moisture,  and  deposit  some  of  it  in  the  form  of  a  dew  on  to  the  bricks.  The  deposition  of 
this  water  softens  the  bricks,  and,  owing  to  the  pressure  of  the  bricks  above  them,  makes  them 
lose  their  shape.  When,  on  the  contrary,  the  hot  air  or  gas  rises  in  an  upward  direction,  the 
moisture  deposited  on  the  bricks  still  softens  them,  but  as  they  have  but  little  weight  to  bear  no 
change  in  shape  occurs.  The  upward  movement  has  the  additional  advantage  that  must  occur 
from  allowing  the  warm  gases  to  travel  in  their  natural  direction,  and  if  they  are  not  overladen 
with  moisture  a  better  draught  is  produced  owing  to  the  reduction  of  the  internal  friction  of 
the  kiln. 

The  substitution  of  a  fan  for  a  chimney  has  not  been  appreciated  to  any  great 
extent,  because  most  existing  brickworks  have  chimneys,  and  their  owners  do  not 
see  that  any  saving  would  be  effected  by  the  substitution  of  a  fan,  especially  if 
they  are  not  working  at  their  full  capacity. 

In  some  parts  of  the  Continent,  however,  and  in  several  instances  in  this  country,  the  use  of  a 
fan  has  effected  a  considerable  saving  in  the  amount  of  fuel  burned,  as  it  enables  the  draught  of  the 
kiln  to  be  kept  constant  instead  of  being  affected  by  climatic  conditions,  as  is  invariably  the  case 
with  a  chimney. 

The  object  of  a  chimney,  or  fan,  is  to  draw  the  necessary  amount  of  air  through  the  fuel  and 
gases  through  the  kiln.  It  is  commonly  supposed  that  a  chimney  does  this  without  cost,  whereas 
a  fan  requires  power  to  drive  it.  As  a  matter  of  fact,  however,  a  chimney  requires  the  expenditure 
of  a  certain  amount  of  fuel,  as  the  gases  passing  up  the  chimney  must  be  hot,  and  this  fuel  is  more 
than  sufficient,  in  most  cases,  to  drive  the  fan.  In  calm  weather  and  under  good  conditions  the 
fan  and  chimney,  therefore,  cost  about  the  same  for  running  expenses,  but  in  rough  weather  the 
amount  of  fuel  needed  to  keep  the  chimney  working  is  greatly  increased,  whilst  the  fan  is  not 
affected  ;  and,  further,  the  interest  on  capital  needed  for  the  erection  of  a  chimney  or  the  installation 
of  a  fan  is  much  in  favour  of  the  latter.  For  continuous  kilns,  therefore,  a  fan  should  be  used 
whenever  possible.  In  single  kilns,  where  no  use  can  be  made  of  the  hot  gases  produced,  a  fan  is 
not  desirable. 

In  an  ordinary  kiln  of  the  continuous  type  it  is  seldom  that  the  fire  travels  forward  more  than 
15  ft.  per  twenty-four  hours,  and  a  rate  of  i  ft.  per  hour  is  considered  high.  In  the  Biihrer  kiln, 
however,  thanks  to  its  enormous  relative  length  and  the  use  of  a  fan,  the  fire  travels  forward  at  the 
rate  of  8  or  even  10  ft.  per  hour,  and  the  amount  of  fuel  saved  is,  therefore,  considerable.  So 
rapid  a  rate  and  so  long  a  kiln  could  not  be  obtained  when  a  chimney  is  used ;  hence  it  was  only 
on  the  introduction  of  a  fan  that  this  method  of  working  became  possible.  Its  success  is  due  to 
the  fact  that  although  the  rate  of  travel  of  the  fire  is  so  rapid  this  is  counterbalanced,  so  far  as  its 
deleterious  effects  are  concerned,  by  the  length  of  the  kiln,  for  most  bricks  can  be  heated  very 
rapidly  when  once  they  have  reached  a  dull  red  heat,  provided  that  they  are  supplied  with  sufficient 
air  to  bum  out  the  carbonaceous  matter  in  them,  and  to  oxidise  the  iron  compounds.  The  length 
of  the  kiln  enables  the  “waste  heat”  to  be  used  to  warm  the  goods  very  effectively  without  any 
danger  of  cracking  them.  Clays  very  rich  in  carbonaceous  matter  might  require  a  somewhat 
slower  treatment. 

The  great  length  of  the  kiln  is  not  apparent  in  the  actual  buildings,  because  it  is  so  designed 
that  it  really  forms  a  more  compact  structure  than  similar  kilns  of  the  ordinary  type. 

For  burning  facing  bricks,  ornamental  bricks,  terra-cotta,  and  other  similar 
goods  in  which  the  colour  and  appearance  are  of  very  great  importance,  diffi¬ 
culties  have  often  been  experienced  when  continuous  kilns  are  used,  and  it  has 
been  generally  maintained  that  single  down-draught  kilns  were  essential  for  the 
production  of  articles  of  good  colour. 

This  is  quite  a  mistake,  for  by  arranging  a  continuous  kiln  specially  for  the 
purpose,  goods  equally  beautiful  in  appearance  to  any  produced  in  single  kilns  may 
be  obtained. 
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It  is  quite  true  that  an  ordinary  continuous  kiln  will  not  do  for  this  purpose  without  alteration, 
for  it  is  designed  chiefly  with  a  view  to  economical  working,  but  with  a  suitable  arrangement  of 
fires  and  flues  (Fig.  23),  especially  those  for  the  introduction  of  warm  air  and  the  removal  of  steam, 
the  best  results  may  be  obtained  with  an  expenditure  of  fuel  not  more  than  three-quarters,  and 
frequently  less  than  half,  that  needed  in  a  single  kiln. 

The  most  suitable  kiln  for  this  class  of  work  is  one  in  which  the  draught  is 
partly  horizontal  and  partly  downward,  fireplaces  being  provided  for  burning  the 
fuel,  and  each  chamber  separated  from  the  others  by  permanent  partitions,  in 
which,  however,  damper-controlled  openings  may  be  made  so  that  the  ‘‘  waste  ” 
gases  pass  direct  from  one  chamber  to  another. 

The  production  of  a  good  colour  in  bricks  depends  primarily  on  the  material 
used;  but  assuming  that  this  is  suitable,  the  most  important  requirements  are 
(i)  that  the  goods  shall  not  come  into  contact  with  the  flame  or  ashes  from  the 
fuel ;  (2)  that  the  goods  shall  be  raised  to  a  temperature  above  that  of  boiling 
water  before  coming  into  contact  with  gases  produced  by  burning  fuel ;  and  (3)  that 
the  goods  shall  be  supplied  with  sufficient  air  at  certain  stages  of  the  burning, 
this  air  supply  being  capable  of  accurate  regulation. 


Fig.  23. — Cross  Sections  of  “Staffordshire”  Kiln  showing  Hot-Air  Flues. 

(^By  courtesy  0/ Messrs  Dean^  H ether ington^  ^  Co.') 

To  fulfil  these  conditions  it  is  necessary,  chiefly,  to^  warm  the  goods  thoroughly  with  pure  air 
before  connecting  the  chamber  containing  them  to  the  circuit  of  the  kiln,  and  the  key  to  the  whole 
position  lies,  therefore,  in  the  means  supplied  for  the  provision  of  hot  air  in  any  quantity,  and  at 
any  time  it  may  be  needed  (p.  220). 


FUTURE  PROGRESS 

In  building  bricks,  the  chief  progress  made  by  the  introduction  of  machinery 
and  modern  methods  has  been  in  the  direction  of  producing  bricks  of  more  accurate 
shape,  or  greater  strength,  and  of  more  regular  colour  and  pleasing  appearance, 
and  yet  all  these  advantages,  great  and  notable  as  they  are,  have  been  accompanied 
by  such  remarkable  reductions  in  the  cost  of  production  that  in  some  districts 
good  bricks  could  be  obtained  in  1914  for  sixteen  shillings  per  thousand  The 
average  cost  in  other  parts  of  the  country  is  little  more  than  half  what  it  was  some 
thirty  years  ago.  Future  progress  will  probably  result  in  the  still  further  replace¬ 
ment  of  human  labour  by  mechanical  devices,  in  an  extension  of  the  use  of  con¬ 
tinuous  kilns,  and  in  endeavours  to  secure  large  outputs  throughout  the  ^year, 
instead  of  closing  down  during  the  winter  months  as  so  many  brickworks  now  do. 
The  great  increase  in  the  number  of  Associations,  whose  chief  object  is  to  regulate 
selling  prices,  may  also  have  an  important  influence  on  the  future  development 
of  brick-making. 
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'’Siind  Lifur  llfuk.*  /'/;r  fV.fr  IIV/lw,  XIAAL,  |i|i,  5|i  544. 

,\|  "Sitiitr  mi  Wrirmwii  Saiiil  Lime  attii  Claylirkk/*  /'/if  i%ty  llVrirr* 

KIA  II.,  |ij».  %M  v|H. 

StiAHili,  A.  It.  ’*  llittl4iiisikiri||. ’*  laimimi,  li|l  I. 

'*  Ilfirl4%  *4  Xiitt  MalriiiiR/*  latiplciiu  I*MJ. 

riirrr  arr  ftri|itriil  rtfiiiirs  ill  /*4r  C/n im*# 4rr  inifl  In  lltr  ami  IWifrp  7V#if/rV 

*iKfi  ^  lifirf,  l#iti  r^lmtulivr,  lilrratiirr  «»ti  thw 

Lime  Sand  Bricks.  It  Iii«  ln.%m  knciwii  for  many  yemrs  that  a  miicturt*  of 
slaktal  liriit?  iititl  Aiificl  will  dry  to  a  icilitl  tiiaw  whioh  Imrdofis  very  slowly  on  eipcasure 
til  llie  aliiicisphorr,  owinn  to  rrciirlmnution  of  the  lirtitx  Partial  comlnnatiofi 
between  littie  aiitl  iiiiicl  r*itfi  be  indiicetl  by  siilanitling  nn  iniirnate  mixture  to  the 
acikin  of  ittmiii  tiiiclrr  high  prmnim,  I1iii  {TOcluctioti  of  a  atleium  silicate  (or 
aluinino'iiliraiel  retiiriitiiig  Icigether  the  gniirw  of  mntl  ii  the  esiential  feature  of 
theiiroeei*  for  tlio  iiiaiwfiiciiire  of  liiiie-'iiincl  bricks. 

The  sand  ilioiikl  be  free  frcim  more  thim  5  per  rent,  of  day  and  dark 
particle*,  luit  i  or  i  p€?r  rent  of  day  is  advantageoui, 

Ii  w»i*i  III  tifir  liifir  rtm%itkri*tl  iti»l  flit  iiwl  rmilaiii  ttihilik  tmt  thi* 

4ficr  lc«i  1*1  tiff  liftfiifCttiAiy.  Ilrnce  ifiiiirtf,  siwR  itrr  ntiw  iwnl  rKtcuHiyely,  fim!  ti 

fiti  iiifigrr  rttiixilrfril  ll»l  kK|i»f  rnritiiiiiifig  f  7  |»rf  ftirfit.  of  dlirk  iii’icl  tirr  ihf  bm 

tAW  fiwlrfiiti  for  liiiit-ifiittl 

At  leait  10  per  t'rni.  of  the  miitl  should  pass  11  sieve  of  1:50  mesh,  and  all  of  it 
shtiiild  piMH  a  JO  iiieih  icrmi.  With  inrreaiing  perrentiigei  of  fine  sand  the 

ctiinprefisivc  iireiigtii  of  llir  bricks  ii  climiniiilittch  whilst  their  tensile  strength  is 

iiirreasni  To  tjfiliin  the  first  however,  it  is  necessary  to  grade  the 

iiiateriiil  very  tticirciitghly,  at  the  prejumderaiire  of  miiny  particlei  of  any  one  si/,e 

ii  deleterioui. 

The  lime  ilitwld  fit?  as  pure  li  iicistible.  Magneiii  if  preient  combines  with 
mlim  to  ftiriii  it  »ili«iltx  which  is  said  to  have  lesi  meclmnitml  strength  and  to  he 
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less  resistant  to  frost.  Furtiu-r  tests  ati-  on  this  j>oii)!.  .i*.  m.my  evrellen! 

bricks  have  been  inaile  using  doioinitie  lime. 

Hrick.s  made  with  liydraiilie  him-,  (mt  |i.  H.!)  .lu-  mtfo.'i.  lie  •  l.'im  •  )  ’...  jiti;  ..m!.-  lui  .mi.i!,!,.. 

as  il  does  not  .slake  pniperly. 

The  slaked  lime  is  mixed  with  lo  jo  facts  of  saml  in  inilit  siiiiilii  In 

used  for  mortar  mixing. 

In  the  Hchvvatl/  pioi*e*4<%  g  I7«ii  i*  ilitrd  lisi^rd 

with  imHlakrd  lime  in  a  viiriiiiiii  tiiarltiiir.  Wain  o  tlieii  rtddrd  ii*  -Jakr  liir  liiiir  iirpl  tiiakr 

a  plastic  mixture.  It  k  rliiiiird  lluil  Iiiih  |iMrr*-4s  llir  of  Ihf* 

The  wet  mixiurt*  of  lime  micl  samI  is  iiioiiltlrt!  iiilo  biit  kn  liiult-r  a  |irr%siirr  tif 
from  I'll  tons  per  Hcpiare  iiieh.  I1ie  brieks  are  llini  pltt*rd  im  wsiggtifiH  atid 
are  run  into  the  hardening  chanilier  wlirrr  they  air  siihmiiirth  for  aboiti  eight 
hours*  to  steam  at  iHo"  i\  and  to  aiiiifisjilieti*s  ptrvaiie.  The  aiiiiit lavi*  or 
hardening  chamber  is  30'’'45  ft  king  amt  5^  ft  in  diaiiiiirr,  ami  is  tsiiisinined 
of  boiler  plate,  llie  hrirks,  after  kaviiig  itie  lioilrr»  airr  ihni  iiiiiir  rratly  for 
the  market*  they  are  itsiially  allowetl  to  reiiiiiiii  in  sitirl  loi  a  siisiii  liiiir, 

Sptjcificatiimi  for  Iimr’‘satifl  hrirks  t»f  llir  hrsi  n*i|iiMr  4ii  4frf4gr*  ri lohiitg  lif 

2,580  Ills,  fw  inch  with  a  iiiiiiiitiiiiii  «*f  Srrttiiil  hfiT't  li*iir  .nt  4tri4|*r 

crushing  auengln  <if  i,i  jo  It***.  |»ri  %i|iiafr  itii'h  «iili  a  finiiwstnii  |i  h  inirfr'iiiii|»  i  <  ri«ii|iiK 

these  with  sin  nrdituiiy  liinc-Haiitl  itmiiai  ft  lii«r  Im  j  ''atidl  iiliss  li  fJirly  Iws  1  r’liialnni*  f4!itii|*i||  nvn 

aoo  Ihn.  per  stpuiic  iiirlt. 

Lime-ssiml  hdrks  are  imu  aiagilr  4ii»l  ifi  -iMiiir  wi|*t  ttitruMi  i«*  «i4ilr  tU\,  linn  4fr 

Mrunger  than  Lnmkui  btirk  .iini  tiring  iiMdilv  m  ifrtiita*  4r%'M44  t  1  %hr\  Atr  \’n^ 

useful  fur  m«Kt  luiihling  put|iii’4**i,  Tlirii  puiu'iity  ii  'iinnkif  |.»  iti^f  ■*-'1  iko,  wiifi 

the  exccpliun  uf  eitipiierimg  hstrk**,  W'liii  li  iiir  pwipoeif  iimii  S4fi4  Inur  if 

well  made,  p«iHsr»Sfs  goal  htiiiittgriniy  and  ran  hr  r4'4St  h44‘.>»ii 

The  tml  t4  nwmsiW'iuir  nl  Itiiir  %in»l  o  ‘diglitly  llwn  lire  -tl  t  g-.  11^4  l**«a  <  tn,  l*4i 

the  difference  is  nut  ap|»rrrklilr  ihr  #iir  rt*  f|tiiMiali|  If 

The  mamt fact II re  id  tinm'Saiifi  lirtrks  in  ihr  Tiiilrd  4ii4  in  Uruitmf  r%irir4er, 

In  Great  Britain  if  t«  nmall  uri  arrutini  t»i  itir  piteirmnwlh  I  •#  |iiitr  i  m  iaIji-  Ii  <  Ui  I-h,  i  *  v4fl 
in  ctmsei|«cnce  ul  cumplilliui.  In  ihatirOi  whnr  lUv  1%  AtniirUiii,  lin<r  Btrl. 

offer  great  fKosihilitifs,  pniviitwl  il»i  ilir  iilaitf  n  itoiprili  dniO'ird  rtiid  M  ui  ihr 

failures  have  Iwn  due  to  igiiiitAiirr  *«  in  a  wilful  iir|fciiiiitr  ftufii  llir  .npiitrd  4i  ^ithn 

to  proriucf  them  at  a  lower  ratr.  Wlirii  figlilly  iiiiidfi  tiiiir  i%  arfv<-  ihr  a-siw-  |  i|j|M4‘irt  4”. 

day  building  bricks. 

Their  manulacluie  is  flrvrilird  liilly,  and  ilts"  «io4  ptri  si.-  I 

in  the  only  hi»ok  in  Knglidi  ilrvoird  lo  the  *♦  Sficki  #f  Mm  PIfttliC  by 

A.  II.  Searle. 
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AND  TERRA-COTTA 

Rv  Alfrk!»  H,  Sk\ki.k 


lATERAl'CRlC 

“ 'rriMUHc*  ( 'rtiunic  ItuhiHiiirH,**  l»y  K.  U»»uiry  (  l»y  A,  H.  Srarlr)  ;  *' LcMtllr  i"* 

Unnifutivi*  FaictH'r,  Mu\  1>\  W.  j,  FiiruiviU  *,  *’ *ri!r  Maim 

fac'tur«*F‘  by  A.  T.  Ackwuilhj  “Britkn  anti  by  K.  uiul  A.  H,  Sriiili*  j 

“  DiiH  ClrMimmtrn  TimuHli}*4trirF‘  by  Hniiiit  Kril;  **  In«bi‘*uic  C V*iami«jnt%'*  by 
All>m1  CbiUign, 

TILKH 

I'lbKS  arc*  WKed  for  three  entirely  rlifferent  inirpusetf  (o)  for  roofji  iiiiii  exterior 
walls ;  (^)  for  |Mrvian«‘nts  and  floors ;  and  (f)  for  iiUt*rior  tiec<irations.  In  ei,w*li 
ease  a  different  material  is  em|>!oyed,  rcHdlng  tiles  being  nmU*  plain  flay  burned 
to  a  moderate  degree  of  hardness,  hut  many  of  tiutm  being  somewhat  porous, 
whilst  pacing  tiles  must  ht*  as  hard  as  possible,  and  should  lu*  taunpletely  im 
pervious  to  water.  Derca-alive  tiles  are  alnuea  invariably  gla/ed,  and  are  really 
earthenware*  or  ptm*elain  prodtuls  (see  sections  on  Earthenware  and  Porcelain). 

Roofing  tiles  hear  ft  very  elose  resemtdimre  to  lirieks  (p.  ttjuh  and  are 
manufiietured  in  a  very  similar  manner,  the  prtMt,!Sses  being  merely  modificHl  to 
suit  the  priitJmtitiii  of  thin  arlkles,  Siiclt  tiles  are  made  tif  tlie  %tmm  ekys  as 
bricks,  but  iinly  the  finer  varietieti  are  used,  ai  the  very  caiarse  particlei  tiresetii 
in  some  brick  eliiys  would  prove  dtarimenial  to  tiles  on  account  of  the  thinneis 
of  the  latter. 

Nil  tklftiled  tleM^ripiifin  tif  tlir  itiitiiiikriiiie  «4  iilt»  R  ueetlttl  here  j  tlir  rrotfrr  win* 

i'ri|wiris  farther  iiifortttttiofi  4t*i«td  cutwall  llit  lileratwrr  iiteiitleitetl  ftlnwe. 

Pacing  tiles  hear  a  cloic  reicmblunee  to  stoneware  (y.?*.),  and  to  tim 
vitrified  or  blue  brickn  of  Staffordshire  (p.  too),  and  lire  riiiulc  in  a  similar  manner. 

Thry  firr  iwtially  ritimr  lerrii  rutin  retl,  blur,  er  blurk  iri  rt*ltnir,  but  H»imr  iiiUf  m  yrlbw 
arc  iHtrii'ihiuiilly  uwd  kir  ihr  |iiir|i«wr?i  **l  tlm-umium,  Hiirh  hk»  arr  muilr  In  a  mafinri  suiiilin 
III  brirk^  t»r  nmfmg  hk*^,  Imt  reijiiirr  iiircial  oirr  i«  bwrniug  j  if  ifisyfficiriUly  hfatctl  thry  will 
br  Hiilt,  ftfitl  will  wrar  hitlly,  but  if  fivcrWalnl  iliry  will  twi»«t  and  warfs  The  edtirf  'ikill  hf  tlir 

ra!ilr  iiuuiiifatitirt'r  i^,  ihrridbrc,  rmph*)'”!  ***  wlrrtitm  uf  miiuiblr  raw  malrfiid*  itiiil 
iiig  tlwiii  in  ii  '•atllitbk?  ittuuiirr, 

llie  nature  of  the  raw  miileriids  ti  discribed  under^  the  caption  Stoneware, 
but  for  imving  tiles  miiterials  of  a  lower  grade  and  conteinirig  more  impurities  than 
those  employed  for  the  better  quidities  of  stoneware  may  be  used. 

In  order  to  obtain  highly  decoriitive  inliiid  jiattcrns,  encaustic  tiles  lire 
made.  Tlitse  lire  produced  in  moulds  with  Hcpiirate  divisions.  Clay  slip  or 
powder  of  one  of  the  colouri  to  be*  uit?d  in  placed  in  the  desired  divisions  of 
the  mould,  and  other  clay  slips  or  powders  of  different  colours  arc  placed  m 
other  divisions,  thin  procaiss  btdng  re{M!iited  until  all  the  diviiions  arc  filled  widi 
the  appropriate  colours  and  pressed  if  fiecessary.  After  the  tile  luii  hvm  removed 
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made  of  firrrk)  mnl  ft'a/rd  **  '  ^  ^  4  '44;.  stv 

more  reiiktiinl  to  aitiK  4ti4  I  oio*  ^  !,  i*.  ..•.  o.  *1- 

cmrthenwiire  am!  roiffriHiiili  4  I'i  -  •>i'.“«i  ^  1 
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dull,  or  even  matt  glaze.  The  essential  constituent  of  these  glazes  is  felspathic  material,  the 
fusibility  of  which  is  modified  so  as  to  suit  the  requirements  of  the  case  by  the  addition  of  various 
fluxes,  s  ich  as  whiting,  or  of  opacifying  and  shrinkage  correctives  such  as  clay  and  flint. 

Hollow  partition  blocks  are  a  form  of  architectural  terra-cotta  which  has  met  with  very 
•extensive  application  during  the  past  few  years.  They  are  chiefly  used  for  the  filling  of  wall  spaces 
in  buildings  of  steel  or  concrete,  and  are  economical  in  erection  as  well  as  possessing  other  advantages 
such  as  lightness  combined  with  highly  sound-proof  properties.  Such  hollow  partition  blocks  are 
made  by  expressing  the  clay  paste  through  a  special  die  in  a  manner  similar  to  the  manufacture 
•of  sausage,  the  hollow  portions  being  formed  by  cores  inserted  in  the  mouth-piece  and  the  blocks 
being  cut  to  a  suitable  length.  In  order  that  the  walls  may  be  sufflciently  soft  and  tenacious  for 
nails  to  be  driven  into  them,  the  clay  is  usually  mixed  with  a  considerable  proportion  of  fine 
sawdust ;  this  burns  away  in  the  kiln,  leaving  a  porous  material  which  is  very  light  and  is  admirably 
suited  for  inside  work. 

Flooring’  blocks  of  terra-cotta  are  extensively  used  in  concrete  construction.  They  closely 
resemble  the  hollow  partition  blocks  just  mentioned,  and  are  made  in  a  similar  manner.  Their 
shape  varies  greatly  according  to  the  ideas  of  the  architect  or  engineer  using  them,  some  preferring 
rectangular  blocks  whilst  others  prefer  pipes  of  triangular  or  half-round  section.  As  the  terra-cotta 
is  buried  in  concrete  its  appearance  is  of  small  importance,  and  so  long  as  it  possesses  the  required 
■strength  it  is  immaterial  of  what  clay  it  is  made.  In  the  majority  of  cases,  however,  such  flooring 
blocks  are  made  of  plastic  red-burning  clay  with  or  without  the  addition  of  sawdust. 
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LITKRATCRH 

“  r.titjNh  i'hiys,  Shales,  and  Sands,"  hy  A.  If.  Seitrle  ;  **  \I««lrtn  Urn'kiuakifig/' fjy  IL 
Srarle  ;  “Idle  C  layvvt»ikrr\  I huid'lMaik,"  by  A.  II.  Seailr;  “  Kelrartniy  Mauaials: 
their  Manufarturr  and  rse,"  by  A,  II,  Searle  ;  "  ImitiHr  «*n  i’eramir  Indu-aiirs/*  by 
K.  Ihmrry  (Translated  by  A.  U.  Seadr) ;  “  lAnieiietUrii  ‘rune,"  by  C.  llisi'haf  ; 
“  Falalkatiim  drr  fnierfesten  Sleine/’  by  l\  Werniekt* ;  “Ibualbueh  tier  grmnnnUni 
T«>ninduHtri<*d'  by  Hnunt  Kerl  t  “ Tunintlnstiie  ini  c 'daduittiiibetiiel:*?/'  Iiy  II. 
Srlnmrpfeil ",  “  (lesainmrlte  Sehriften,”  by  lb  Hegei. 

Anirrintn  refriu*tt»ry  elayj*  iiu*  drM*iibt*d  in  *'(1ayM,  ilndi  Ueenirrner  and  bniiietlirs/*  by  IL 
Kirs. 

i‘ke  ikf  .V»wV/r  a/  /*/ie  iUii}%k  CVar'a'r/ ,  i  hf  ii»iik  tiH^i 

I'uuit  Cjnui  i'hf /iHiUhii  (if  fdn  /  and  the  intx  Ibin/r/ rtintain  the 

nn»M  rrrrnt  publiratlnns  i*n  irhaetMry  niatrsials  with  atr.fi.nis  Innn  the  «  hiel  lnrri|{n 

bonks  and  jonriials,  d‘hr  //<w»  of  the  Kn|*hs!i  and  Aniriiriui  ( Vrannr  Sorirties 

also  mniain  orrasinnal  |m|H’rs  on  the  *4d>jrrt,  I'nr  Initlirr  rrIrii’iaTs  lhannrr’s  “  lliblio 
Itraphy''  or  St4on\  “  <  Vrantir  bitrntfiur  '*  Hhoidd  !«"  ronHyltrd, 

Raw  Materials.  -The  enHetuial  cluinnteristir  «if  any  refnuAnry  iiiiUfriiil  is 
iluii  it  tmtsl  vvitlistand  the  action  of  higli  temperatures  for  iii  long  a  time  m  tlt«t  pur- 
P'lHcs  for  wliicdi  it  is  used  may  render  net*essary. 

Brii^ks  are  not  considered  to  he  fire4)rit*k8  if  they  begin  m  melt  at  ii  teiiiperitlnre 
Icjwer  than  i,5Ko"  (!, 

In  |irm*iice,  however,  other  fotiddenuioiii  are  ako  to  lit  fuken  into  tceoitiib  I’liiw,  it  fire-brick 
may,  of  itself,  be  aide  to  redst  the  highest  fcni|M‘rature  In  wliieh  it  ii  exposed,  bwl  it  may  be  less 
viihtable,  for  some  |iwrjmseM,  liermiHe  it  is  tirmlile  to  redit  the  entting  iietkin  of  tlir  furiiare  gases  or 

%l$ig  like  another  firedirkk  which  k  less  resKtani  to  a  high  temperature  fdone.  For  this  rrasem 

iiiitny  firediricks  arc  in  me  at  the  prewnt  time  which  are  not  dislingitiHluHl  for  their  renmrkiiblr  re> 
fracioriness  when  heated  in  a  clean  utmosphere,  but  which  do  ponsrii  an  exceptional  resFiatire  to 
the  iicinal  condiiitais  which  prevail  in  the  furnace^  or  other  striictwrcM  in  which  they  are  employed. 

Oiu!  of  tlic  firKt  considerations  in  selecting  a  firc-hrick  or  other  rtdnudory  article 
should  therefore  consist  in  ascertaining  precisely  what  are  the  conditions  under 
wdiirh  the  brick  or  other  article  will  be  tisedi  and  the  various  forces  to  whkh  it  is 
dt*sired  it  shall  Ire  re.sisiant. 

Tlnw.  a  mciulhirgifiil  furnace  will  iwiudly  involve  the  prcwliirtion  of  a  ronstdcrablc  amoimt  of 
slag  of  a  badcpdmriicter,  and  thin  will  rapiifly  attack  iiny  purely  %ilicroit^  but  will  httv«  a 

kr  smaller  action  «ni  a  lining  made  of  a  highly  idumimm^  rliiy.  If  the  nature  of  the  o|»t*ration  In- 
volvci  the  production  of  acid  or  neutriil  pnahicls,  on  the  contrary,  a  more  »ilimniM  day  (which  K 
cbratH^d»  er  even  a  comi'Mimtlvdy  pure  dhea  or  ganintrr  may  hr  tm»d.  In  the  coiwlryimon  t4  lliien 
iind  Jmllcr  settingH,  on  thc^oihrr  hiiitcl,  the  chid  difficuliy  k  to  find  a  nmtrrki  which  will  fem%l  thr 
cutting  ac.iitm  of  thr  diist  in  the  giiHi*g  and  tlic  reducing  action  of  the  gascM  thcitmdvcs.  For  Mirh 
pur|M».w»  it  ii»  therefore  more  im|jortatU  to  have  n  doHe-mirfewl  lirick  of  a  hard  and  strong  riiittirr 
rather  than  a  ioft  and  pircm%  Htirfeec  made  of  a  matcrkil  \oinrwhat  more  redHtant  to  the  action  of 
heat  alone, 

Thr  selechon  «if  a  refractory  materliil  niuiit  therefore  tle|a?tid  on  the  purfMW'n  for  whicli  it  ih  to  l»r 
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Imrned  at  higher  temperatures  are  really  an  indeK.  of  the  temperatures  reached  in  the  kiln  ami  ate 
thus,  imlirectly,  a  testimonial  to  the  refractoriness  of  the  bricks.  This  is  particularly  muieeahle  isi 
the  case  of  the  (ilenboig  bricks  which  are  amortg  the  most  heat-resisting  bricks  known. 

Instead  of  an  analysis,  it  is  preferable  for  the  purcluiser  of  ftre-tdays  or  rtdraettiry 
goods  to  have  the  results  of  the  action  of  heat  on  the  material ;  this  usually  takes 
the  form  of  a  statement  as  to  the  ^‘softening  point”  (often,  hut  inaccurately,  termed 
the  fusing  point  ”  or  melting  point  *').  This  is  determined  hy  making  the  material 
into  the  shape  of  a  small  pyramid  whose  height  is  about  five  times  its  base  and 
heating  it  slowly  in  a  suitable  furnace,  d'hc  temperature  at  which  the  apex  of  the 
pyramid  bends  over  and  touches  the  base  is  regarded  as  the  softening  ptnnt. 

To  obtain  the  bent  results  it  in  neccHsary  to  make  the  pyramid  of  a  spertal  shape  and  it  is 
advisable,  instead  of  measuring  the  temperature,  to  compase  the  behavitmr  td  the  sample  with  that 
of  Seger  cones  ami  to  report  tlu*  softening  point  in  terms  of  Seger  c«mes.  Tlu*  Institute  t>l  this 
KngineerH,  in  their  ohicial  speeitieation,  adopt  a  souu‘what  different  detirrititnr,  inasmuch  as  they 
regard  the  softening  point  as  that  at  which  tire  iir-.t  sigrts  of  fusinu  can  In*  ubserved  in  the  sample, 
eapecially  by  a  rounding  t)f  the  edges.  'Fhere  no  vrny  d«‘{inite  relati«»n%!rip  lunween  this  airt!  the 
hemdiug  just  descriiterl,  though  the  lattm  usuall}  uceurs  at  a  tempeiatuu*  about  (af  hi|thcr  tlinn 
the  former  with  the  purer  fire*  clays. 

Olhtn’  Ittsts,  which  reproduce^  the  catiulitions  liktdy  tt^  Ih‘  exporiencod  itt  actual 
use,  are  very  important.  Among  these,  are  die  ht*haviour  of  the  artieh*s  at  r,d5«f’  ( '• 
when  under  a  load,  whem  rapidly  rooletl,  when  cut  with  an  emery  wheel,  and  wlien 
(‘overed  with  slag  and  rc-heated. 

Fire-clay  bricks  and  similar  articles  are  made  by  moulding  a  paste  prt* 
pared  hy  mixing  the  finely  ground  ftrt'aday  witli  ptiwdered  calritieti  fir«M:lay  and 
water.  I'he  grinding  is  acaaunplished  in  edge  runner  mills  similar  to  tlum‘  used  fc»r 
building  hrieks  (p.  204)  and  tlu,r  mixing  is  usually  effecdtal  in  open  mixers  (p.  205) 
or  even  in  pug  mills  (p.  207),  the  vmtieal  pattern  being  generally  preferred  to  tlu* 
horizontal  tuuts  used  for  ordinary  hrieks. 

The  culciucil  clay  or  grog  ummI  to  krrp  the  Hhritikage  of  ihr  luiek  as  low  m  [H»H%ibtc,  and  it|v> 
to  give  5m  t»pcn  texture  ^o  that  tire  UrcdirHtkH  will  iim  diiruptiv««  itcdoit  winch  'iitdilrn  rhatigi*M 
in  tcmpcmtwrc  have  on  tine  textured  mmws,  (hi  the  (!ontim‘nt,  it  h  dir  ry?4om  in  uw  ft  very 
large  prt»|M»rtion  of  grog  and  only  a  sniiill  pro|Hititoii  of  pksttc  clay,  hut  ihr  maker**  of  irffiicloty 
gootK  in  (treat  llriiiiin  adopt  the  op|ii»siir  pricedurr  and  chthii  that  the  (Imtinnititl  mrrfii«l  m 
inappUeabk  to  liriiish  clays.  Extensive  investigationn  of  t«»di  metlioik  by  ioinr  of  the  most 
eminrnt  H|KH‘iaUsti  In  (lermnny  have  ronvlncrtf  the  Coniinrntiil  makers  that  their  method  gives  the 
l«fsl  results,  and  kid  to  the  eonclwkiii  that  the  opinion  held  hy  llrltiih  mirnifiictiirer^  k  dye  to  hick 
of  initiiitlve  ratlmr  than  to  the  almenct  of  miltabk  elayi  in  (heat  Erikin.  Attempts  by  leveral 
enthuskslM  In  this  country  to  atlopt  what  they  thought  wttre  (jcrman  mcthcids  (diough  in  reabiy 
they  were  clefeetive  imltfidoittl  have  made  other  nwiiufficturers  unwilling  to  investigate  the  niatlcr 
on  a  sufficiently  exteiiMive  stmk  (m*  p.  3j4b 

Fire  brickfi  are  moulded  in  wooden  frames,  the  bottom  of  the  mould  being 
ftirmed  hy  the  talde  on  whiclt  the  frame  rests,  and  the  method  used  m  precisely 
similar  to  slop  moulding  (p.  206)  m  used  in  «ome  localities  for  ordinary  building 
bricks. 

'Ehc  fire-bricks  or  blocks  are  dried  on  steam«heated  floors  in  a  similar  mamu*r  to 
plastic  made  building  bricks,  but  if  tlie  blocks  are  very  large  it  is  nta'cssary  to 
exercise  unusual  care  in  drying  them,  arc  liurned  as  described  on  p.  232. 

It  k  cxcmlingly  diffindi  to  make  large  numbers  of  hUirks  mciwuring  more  tlmri  2  ft.  2  ft.  ^  2  ft 
ami  itbovc  thk  the  cost  (largely  due  tt»  rink  and  diflicidiy  in  nianufaciiirel  loon  grows  out  t»f 
propirtlofi  to  the  hI/.c  t»f  the  blocks  produred.  lairge  hollow  blocks  are  iimicwhal  ewsier  to  produce 
than  solid  umm,  as  they  dry  more  uniformly  and  regularly  iiml  me  less  subject  to  crticking. 

Gas  retorts  are  built  up  ”  around  an  internal  core,  which  is  lifted  as  the 
work  proceeds.  They  are  built  vertically,  and  great  care  and  skill  are  needed  to 
join  the  fresh  clay  on  to  the  old,  as  the  <*onstructitm  of  a  single  retort  occupies 
sevend  days,  and  each  length  of  2  ft.  or  so  must  be  allowi^d  to  stifTcn  bebin*  the 
next  portion  can  be  added 


-'32 


'A' 


Glassmakers'  pots  .«<■  »  '  •  •  tA  •»  Ji-.jmti' 

Several  weeks  to  ilr>.  t’Ae  ilui-*  ■  ei  j  >!  '  ■'  «•»>,. .,t*  '.i-i!.)!!',  u-.k 

damaging  the  ('timls  by  ihe  '.dteiis.il  .!!>••■  ‘;i‘  d  '  •<  ’-'‘.-•’..e  ,  .imi  many 

jireeaulinns  have  tn  In*  taki  m,  u'.i* '.•.  .e.i  ■  .e  •  >  ,  !•.  - 1  ,ii<  -.neh 

large  artieles  being  drietl  umlmntS^ . 

the  |«%l  Irw  \nirH  t'*«i  »*vry  ’  H."  * '  i/*f  f  ^  j ^  a  r  i  .  i  .  t  ^  st*  . 

^Crucibles  floiii  .1  1'^  ^  %t  Uii4  f.ii  ijn* 

brkkSi  iiitiiiklrd  ill  tillifi  litiiiil  ttit?  4  lu  ^*1/ ,a  asujIii  in  iIi.iI  iiAril 

ftir  pcitlery, 

Ftir  iiuny  |«if|»W'r*i  ill*’  p  «  i  •  i  /*  ^  *4^-^  r  a 

K  »t|ilrtl  lii  iiirfeti.»it*  llir*  rA.l  u  '  ‘  .h  >  f  *  >  ”  '**  ♦hUii.  f 

the  cimiriili. 

I1if  burttillK  lifr  t  li|‘  4  ^  |,  i 

tt*w|irriittirr  llyii  l!i»il  iir’< r^vif i  F4  i  -  4  i*'  ^  ^  ih^*  bmi-* 

art*  biiriird lit  «i4  Itiw  4  triii|^«"t.it«i*'  i*  ly"''-  *  ,  ‘  ^  ^  4*-  ;  4  Ai.nIrA 

tif  fifi*  lirirkn  a  tiigb'^’  Irury'tslmr  .4  ><  I  ^  t.r 

clt»|ieml  |>airlly  till  ilir  t'ln  awl  mu  4.'  V‘^'‘  ■'  ^  ^  a.  F.'  4.  rri.tl.i’ 

timl,  ihr  wi%r*4  |4aii  Ituiii,  to  In  ^  <'1%  *.  t'  -  ■  .4  t  i.OMir 

HO  that  fliry  will  lltll  iiitlllat  1  4|i|4<‘»  *%la*  a  ..  m'  '• 

rilU  liHAIir*  llwl  4|/  lflA«4|t4  4*11  »  t.  *  .4  .  *!  'i  '  4  .  4  A'  -i  '  ^  */AaI 

lltrv  Will  rit|trfirit' f  «hfii  *^4  ^  4  t,*  4  >  j  f*  *  “a  ai'| 

Iflltl  |m  liiii^rfi  llir*  Fi4f  if  «r.»».|  I  J*  f'4?  A  5  '  ’  ^  ^  '  tl  ‘  '.l»  I 

largt  ¥c%‘irt. 

Tlir  kilns  im  'a^  'ns..  -  %  -f  i!;i' li^ii 

/Cinial  {*^  Hrwra*alr  *4  liiainilia^ndi?  l\'yr  :i  ll  r-  y.-  4  ,.|  |j,r 

vrry  high  triit|irr#iliirin  l«4itg  tll.iiiird  «ifh  *  4i4i>4'4!'tir  r-iir 

Al  itir  Wlir  liltw**  llif*  ir^r  *rf  U  rU^  :  ifit  '  .  <,  *  *  .  Ilia.r*  4'  4 

lfiii|»pi«ilitir  Ilf  t  AiiTj  n  i*  t  ) ,  i '.f  a.  i  .  j  •.  :  ’  *4»a,  ..-s  *  ,cj«? 

till  tlir  ri»iiliiii|tm »  j|4<- ’4  a,|  th  4  .»#'  »  <^4  .  -#  •  ,  “*  I  a  \ii/i 

WlllIkA,  AS  tlirv  '*>4ir  Iwll  t*|  r%ri>  Hifr.’  *  '4Slr|-.  f  ^  -  -I  r  ;  4  i<  ' 

Silica  bricks  aie  imnlr  .ii  ganistri  1  *1  f'4*.!*t  C  '  lit  'ItV^n  ?• ‘^>4  ‘I 

f^and  ;  lilt*  Hlrltinil  iif  iiwittil  irfiifA  y%<l  ‘  "4'. a!  I4h'4  i?i 

tiiakiilg  brirkn  i»f  iiifikii-  Hi#*  in.sn  144!  i*  iiir4A‘4  n#  i  .oh  it 

in  tilt  tbrm  III  a  %iiii!»  a ^  ni  somr  jsafiA  ^4  W.ik-Ai  v.  i‘i  %iii,i;l 

t|iiaiilil)  fit  milk  ol  lifiir,  ilir  ^iii.miiii  .idd^d  t-riAA  Aa«ii  .r  n*  4<p.  fi»‘i 
lhaii  i  |irr  ta  iit.  atyifmiial  Ititir  siitii  ilir  Iu^^Ia  I  '  4  *  ,t,  4t-4  .4  a  n  ha 

Olixal  tilgrlltrr  lll  4  tr|f|j»tlllg  liHikii}4*li  |rnrir44A'  4  ‘h-iIh  mni,  Hut  »a  ii 
!itriiitgly  itiii^titit  IrtI,  aiitl  liy  iI«a  inr  111^4  |  .i^ir  .a  iiA,A  i/4AiA  i'. 

alltltifil  tkviitd  Ilf  |llt5airil)V  ailit  ||4|III|*a  in  hr  li.rnl’ril  Hit!  A*  Hr  '.r:di  ti^r  4i«rf1 

mgiigrd  in  iiiiiiikliiig  tlir  hfukk, 

'ilir  Imtti  itrr  iiiiiiiliiril  by  liaml  m  m  tnilm  wms.ity  nt  m  li.rul  ^*nrs,  itr' 
iiialcriat  by  C‘0iiijirr4%ii$g  tiy  witMiiA  oi  4  \iiMil  ;4ufn^’*  '-^^^41^41  ha  ,«  1.411  !n4illr, 

Mm\f  allflliptJi  trivr  ti#r||  ttW*|r  H*  '•4!s4»»’  mr.  .4  US  4>/#  ^  .  .  A  4  Mr  '/  a*.  , 

(litiltl  «l«lk:i  Mwililr  riAfl»  bill  14434  v'4  I  141  |a  Afr  a4h  ti.1i  w  **  », 'r  A  ai.-I  ’ 

|»rf*mitf<^  r%WWi|  !*%■  !lir  liwrlim#  gwrn  tlir  I4?  i  *  .frintt  t'hii*  m  A  :,4^  Ir  I 

Iir  %|«it  wliftt  rt|t4'#ii  t«  triit|#i4l4fr'^  |i  n  1  t  »l  1  "M  ti#  r 

m  t»|ii*p  tt  lr%liifr  m  till*  r'iiiiJwrffw  1  ^  mhuk  ll«rr  41.  ‘4  4  '•  4 

itiifHwalilr  wlirft  itifrlaifiri!  f^mn  ai»#rn  |.|i^sif4  4.,^  4  f.  4  ^  rr 

thriiwiiig  *if  fill*  imii  Ibr  ^**1  |fis.trir4  »4fi  rnr  ■,*!«<  1  ^  f  Hiri  •• 

ma^ilifklwl  lint  iFr  fiir  %mt  ij%»rn  i-  n  ii4i*J  » i»  fn  i* .  ^  <  m4  t#  ««.  #a  n  h  .  lai 

file  fiimiltl  ttfiiftiffttly* 
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Owing  to  the  absence  of  plasticity,  silii'a  bricks  may  be  dried  (piite  rapidly  on 
sleamdieated  floors  (p.  212),  or  in  a  tunnel  drier  (p.  2 13),  and  are  then  placed  in  a 
kiln  to  hv  burned.  "I'he  kilns  used  for  this  purpose  are  the  same  as  those  used  for 
fire-clay  (p.  232),  but  a  considerably  higher  temperature  is  reac'hed,  silic'a  bric^ks 
seldom  being  burned  at  a  temperature  below  1,400"  (\,  and  a  temperature  of 
1,500  '  (!.  being  generally  preferable. 

Silica  bricks  do  ut)t  contract  in  use;  on  the  contrary,  th«‘y  cxj)antl  (owing,  it  h  understood,  to 
the  conversion  of  the  silica  into  tridymite),  and  it  is,  therefore,  necessary  to  heat  tlietn  in  the  loins 
for  a  Hulhcient  time,  and  at  a  sufficiently  high  temperature  to  prevent  any  further  appreciable 
amount  of  contraction  occurring  when  the  bricks  are  in  use.  I'he  remarks  made  on  p.  2p  with 
regard  to  the  finishing  temperature  of  fire-clay  bricks  applies  with  ecjual  force  to  those  made  of 
silica. 

During  the  burning,  the  lime  added  to  the  silica,  together  with  any  lime,  magnesia,  iuid 
** alkalis/*  jiresent  in  the  material,  combine  with  the  silica  and  form  fu.si!»lt‘  silicates  which  bintl 
the  less  fusible  particles  into  a  strong  mass.  If  gunister  is  used,  the  small  proptution  of  liond  it 
contains  (about  10  per  cent.)  also  aids  in  the  binding  of  the  refiactorv  particles,  and,  in  smne  cases, 
<loeH  away  with  the  iu‘ccssity  <>l  adding  milk  of  lime. 

Only  certain  <juait/itcs  can  be  used  ft»r  the*  uuumluctme  <>f  silica  bricks:  others  split  up  Imo 
readily  whmi  heat(‘d.  Hu*  physical  pinperttes  ol  suitable  hunis  t»l  cprarl/ile  are,  therefore,  rrroie 
inrporlant  than  the  results  of  a  r'hcanieal  analysis. 

Basic  bricks  art'  mack*  l>y  rakiniug  maguesite  to  lltc*  point  of  iueipient  lusiotb 
and  mixing  it  with  lightly  (‘alcinotl  (or  eaiistic)  magnesia,  forming  it  into  brinks 
in  a  maniuT  similar  to  that  deseribitl  for  silitxt-  but  without  using  any  lime* 

and  burning  in  similar  kihis  and  at  a  similar  tfmfH'riUun*.  Dolomitr  brinks  are 

nheaper,  but  not  ciuitc*  so  refradoiy. 

Magnesia  bricks  are  chiefly  user!  in  furmu*cs  where  the  slags  are  strmsgly  basic,  ami  would 
rapidly  rsirrorte  linitrgH  made  of  silir'a  ut  ftiC'clay,  as  in  the  'risomas  A,  tlilelnist  pror'esH  for 
steebnurking,  Ihicks  made  ol  lime  have  Iren  tried,  but  arc  imue  rliflindt  to  prcaluce,  and  rtime 
ctrstly  than  those  of  magnesia;  moieovei,  they  are  rmue  biable  ami  less  able  to  wiibsiaml  the 
treatnrent  tt»  wlfudi  furnace  linings  are  ru’cessariiy  srtbjeiied. 

Neutral  bricks  am  somciimnx  pmfnrrnd  to  thosn  whinh  aim  drdinitnly  baxit* 
(an  magticsitc*  brinks),  or  unit!  (as  xilit'a  or  fire  <diiy  btinks).  'I'hey  am  UMially  made 

bauxite  a  <*rud(*  form  of  alumina  whinh  camtainx  a  tamsideriililn  proportion  of 

iron  or  (»f  ciiromn  bon  ore  (chromitei.  Hu!  chromite  bricks  are  tiiade  in  a 
similar  manner  to  silina  brit*ks,  various  bonds  being  lined  instead  of  limn,  and  nlay 
being  the  most  generally  sutTessful  Bauxite  Wicks  are  made  in  a  similar 
mannt*r,  but  as  the  bauxite  nontains  a  large  proportion  of  carmbined  vriiter  it  must 
lie  (ailcined  before  use.  I'he  cailninecl  biuixite  is  then  rruslmd  to  a  rougli  powder, 
mixed  with  siiffinieiit  nlay  to  bind  it,  and  is  then  made  into  brinks  by  band  moukling 
(p.  206).  The  dried  brinks  are  afterwards  burned  in  kilns  at  a  temperature 
depe‘ntlant  on  that  in  the  users'  fiirnanes,  but  sekkmi  bellow  1,400"  (k 

Brickn  made  of  zircoaia  and  «f  martiesium  aluminate  tli»  mu  fu^c  kdow  2,mm  (k,  Imt  loe 
very  cuMly.  Blocks  matlc  of  coke  iimf  titr  compreMied  in  moulth,  and  burnetl  hitrti  In  a  kiln, 
are  also  uwtl  for  Munc  furnacifs.  If  they  could  otitiiinrd  iit  a  Mufliciently  cheap  rate,  bric'ks 
of  fused  pute  alumina  woultl  In*  almost  it!t*al,  and  far  fiuprrior  to  the  lirst  bricki  iu»w  made, 

I'herc  is  much  differenee  of  opinion  as  to  the  relative  values  of  different 
refractory  materials  for  furnaf‘e  linings,  Init  the  seientlfin  evidence  available  is 
exeecclingly  small  In  some  instances  tliertt  is  no  ehoiets  It  is,  t>f  course, 
impoHsil>le  to  use  a  sili(*eou8  or  even  a  fireaday  lining  for  furnaees  employed  in  the 

1‘homas  cV  /  iilelirist  process  of  steebmaking- .  hut  in  many  tmes  where  a  elioiee 

does  exist  it  is  almost  impcjssihle  to  say  wliic-h  material  h  the  most  suitable  for 
the  purpo.sc*. 

i\%  gcncritl  rule,  the  bef%t  firC'Chiyn  arc  more  rtmi*4ant  Dah  heat  and  to  corruption  thin  arc 
bricks  mmcle  of  wltca,  hut  dlict  brkki  arc  often  ficttcr  than  tho^e  mttlc*  of  inferior  or  *‘imoni! 
miality  **  fire-clay.  Silica  bricks  are  aliti  more  capable  of  rm%ilng  presHure  at  a  high  tempcriiunc 
man  arc  some  of  the  close  lexlured  firc-cliiy  lakki  now  on  the  market,  and  are  therefore  better 
mlapted  im  some  mrtitllnrgieal  furmires.  Dn  the  other  haml  fireduii'ki  of  gootl  ijutdity  and 
%uitiibk  texture  will  not  sjmll  or  break  up  m  readily  m  brickii  when  exiHihcd  to  Piuddm 

4*hange^  in  te»ii|ieratMre. 
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Various  llitVi*  hreil  itiHil.iiil .  hu-  III  liilirrrilt 

kiuds^  but  lltmo  Ht  itieir  r.itl  bt^  |.rg4li|r4  4-1  ■.4!i%i4i  .1I14I  |,i|  l||r  |slrHril|,4| 

any  rate,  e%|Mirteiit'e  iiiii^i  hr  li'g.iiilril  .1-.  ihr  Uni  m  ihr 

refractory  iiialerLib. 


It  hr  oh'.riv.-4  llsj  .1 

huitrt!  4Si<l  it  I'i 

tiridcH  in  flit*  |ufi%  *>i  h 

fm'ed  with  l^ii  k 

|Wf1  i»l  ifir  liniwf’r  1114^  hr 
w!jti‘b  t’limr  iait»  i«iiiii,iir  1  i^rr 
wilhil«*l«»iii!lr  4ii«l  l4t,  "I  rj 
'oUiHfacUiry  reitill  tlian  4  In#"  hu. 


,  e.  H 

’ 

^  »  . 

^  Ifllv 

14'  n  Ai,i  '  - 

*1 

.  . 

**«  . 

*  ‘  .sj4»  ,i| 

,!» ,■  on*'  I’:  . .  '  • 

..A,  . 

?  -  -.Ml  n  1 

ft  fo  Ji  41*'  'ii!  f  4'’ 

.  1  H 

'  4 

t  ^  4;  '  4  , 

.4  4  ’’H-IS*'’  r;  f 

-  J  1 

h  }i  -t  iJm  |,4f|, 

f  SM- 

1 

s  * 

4*  -  n„nM  *  Umi 

iur,  i  ,’0''  .  s  4i  I,  '  n 

' "  ^  :•<  >  0  4 ,|4 

k  F  I  "  n 

i. 

’ '  >■  >■  ."  ft  r  ‘  ♦  -  ,  U 

Future  Pnjgrcii 

At  till  ctiiiiiiinirriiiriil  of  llir  n.tt  hi  h  Ih  t  r.  ^4  *'(1441*11^ 
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SliCTION  LXXIII 

(;lass 

By  Alvhku  B.  Sf.aki.k 

ij'i'KRA'rrkK 


B.  ArPiaU'.  “  ( sur  Ir  N«>n  1 1 rt  h*  »  prorfnleB  dr 

1885. 

ArpFRT  iiiid  J.  IIlCNitUAUX.  **  Wtic*'.  rt  Vrnri ir^. " 

U.  B.  Bknratu.  “  Die  (ihiJihibrikatiaii.” 

L,  C!uFFiNNAtJ..  —  Verre^  et  Ktuiuixd’  HRiti, 

K.  (.!efmke.  **  Fiiln'ikalioiMler  Spiegel,'’  18187. 

D.  DiAKoxtnv  and  W.  Lerman  nn-F.  **  BearlHniung  di-*  (dunr'*.”  inii. 

R,  Deaij.e, - •  tdaHfkUrikation,'*  ipn, 

K.  K.  i'dsenr.R.  “  Die  Kutvd  tier  CdasinaiHe  Venn iHdunig." 

R.  B.  Bontakief,  **'rhe  Art  td'  luaksttg  Cnltniretl  (*tv*e;d:»  lit  imil.iir  l‘ieri»»4{, 
Stftnes.”  (Trail'-,  by  W.  Dreu.)  I.tinthm,  1877. 

(ii'XsNKR.  ('dasHnmkrr'%  niUidb«>ak,”  iXny. 

k.  Dhai.I.K.  Atdage  und  BetrielMler  DlaHlabiiken.”  iHSf). 

Ib  Ht)VETrAi»T.  Cdiiv.  iintl  its  Applieaiiun-.."  ( Tram,  bv  j.  D,  and  A, 

Bverelt.)  i<|C)2. 

W.  Mketkns.  SamBiridddieldttHc  in  Dieieiie  tier  tilanfiibiikaiitm,’^ 

W.  Rohrniiaim.— ** CfliiHM  Mannfiieture.”  Ltnukttn 
Cantnr  LectwrcHim  “Opticid  (Uiihh/’  Lnttdim,  ttH5. 

Sc?iiOTr  and'  Aiiiif;.-  -**  i.#l*i»4ndniitrie  in  Jenad’  190*), 

W,  A.  SlIENSTONK.  — Meilnab  tif  CUaM-blowing/*  latmltm,  iStfj, 

E.  Tii'iiEtiHFHNiii,™-**  Il'amibttcli  der  Ciksftbrikiiiiiind’  1885,  (51I1  eiliiitm.) 

C.  WiCTCif.,  -**  Ifernltdlting  grtw^er  C»k»ktM?r|>er  bK  #ai  neiinten  lA^rFchrillen." 

**  Ikiirtieitung  vtm  C»liiikt»cr|»ern.”  Ifr34. 

W.  anti  D.  Asfir,— ** The  SilkiileH.*’  (Trans,  by  A,  ii.  Kearled  iaitnltm, 

J,  C’ALl.lNtiiiAM. EnilH»siirig.”  lamtkau 

L.  F.  i)AY.’— **  Stidned  Cfktef/’  lanuknn  tt|CK|. 

K.  Du.LtiN.  **CdatoR’  Lnndnn,  itpy. 

M.  A.  Gehhert.  --**  Treatise  «n  Staining  (dass.”  famdon,  ftimi. 

Anc^n.  '**  Rceipes  for  Flint  (limn  Making.”  lamtkin. 

K.  R.  SrFMJXin--"**  Treatise  tnt  the  Art  cif  Glass  Ikinting.” 

A.  L.  (»t?TiiiiiK. **  Deffirative  GlasH  Bnuthnn  hrfH. 

V.  (k  H.  Bohuell.  **  SamK  Suitable  fiir  Cdiws  Making,”  Btunhuit  ipib. 

(f LASSES  are  Irodics  widch  liavt!  been  etxded  somewhat  rapidly  from  a  high 
temperature  at  whidi  they  existed  in  the  molten  stattb  so  that  on  cooling  tht»y 
remain  amorphous  in  form,  and  partake  of  the  nature  of  solid  fluids.*’ 

Tlwt  in  to  illy  they  Iwhave  in  nmny  re^peet^  like  a  lliucl  though  iippiirently  wduL  Bur  »tmip 
purpoics  it  k  oinvenient  to  regiml  gla^w*!  ai  flunk  of  rrniarkubly  high  viseiedty,  %n  thiit  they  flow 
with  extreme  »lowne»  wid  in  many  wayt  are  indkiiftKukhiiblr  fnim  solick.  The  fart  nui'»l  ntit  be 
overIcKiketl  that  the  glaii^y  Mate  in  purely  fihyiicak  and  may  have  little  rekilumdiip  (if  .inyl  m  the 
ccimfKmitbn  of  the  gks'seH,  though  coiiimerrially  valuable  glii^'^fH  $biiw  Mirlkmg  arailt»|hf»  in 
ct)m|Mmition. 
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Hence,  the  term  glass  is  now  largely  confined  to  a  group  of  silicates  of  well- 
known  (ultimate)  composition. 

Most  of  the  glasses  used  in  commerce  are  made  by  fusing  silica  (sand)  with 
two  bases,  one  of  which  is  usually  soda  or  potash,  and  the  other  lime,  lead  oxide 
or  other  oxide  of  a  divalent  metal. 

Much  confusion  of  thought  exists  as  to  the  chemical  constitution  of  glasses  ;  by  many  people 
they  are  regarded  as  mixtures  of  various  silicates,  but  there  is  much  evidence  in  favour  of  regarding 
them  as  definite  chemical  compounds.  The  chief  reason  they  have  not  been  regarded  as  definite 
compounds  is  the  fact  that  few  glasses  show  a  composition  in  which  the  various  elements  are 
contained  in  strict  stoichiometrical  proportions,  but  even  this  objection  is  largely  overcome  if  it  is 
realised  that  the  molecular  weight  of  glasses  may  be  exceedingly  high.  In  the  ordinary  calculation 
of  formulae,  it  is  customary  in  inorganic  compounds  to  reduce  the  molecular  proportions  of  each 
element  or  oxide  to  the  smallest  possible  numbers,  and  to  round  off  any  fractions  so  as  to  facilitate 
comparison.  Thus,  analyses  of  many  glasses  correspond  7'oughly  with  such  simple  formulae  as 
NagO.CaO.fiSiOg,  KaO.CaO.bSiOa,  KgO.PbO.bSiOs,  etc.,  hut  the  variations  from  these  definite 
formulae  become  less  if  the  molecular  weight  be  conceived  as  considerably  greater  than  those 
indicated  by  the  formulae.  When  the  simplest  conceivable  formulae  are  used,  the  number  of  silica 
molecules  varies  between  2  and  6,  and  it  is  frequently  difficult  to  understand  why  so  considerable 
a  difference  in  the  proportion  of  silica  should  make  so  little  difference  in  the  properties  of  the 
various  glasses.  If,  on  the  contrary,  glasses  are  conceived  as  having  a  much  higher  molecular 
weight  (as,  for  instance,  by  assuming  that  there  are  36  molecules  of  silica  in  each  molecule  of  glass) 
many  of  the  difficulties  ordinarily  experienced  in  the  study  of  glasses  disappear  at  once,  the  unsatis¬ 
factory  “rounding  off”  of  the  variation  between  the  analytical  figures  and  the  ones  corresponding 
to  whole  atoms  is  less  important  in  its  effect  on  the  result,  and  the  general  physical  properties  of 
the  glasses  can  be  more  readily  predicted.  Moreover,  such  a  conception  at  once  removes  the 
glasses  from  their  otherwise  anomalous  position  in  the  classification  of  silicates,  and  facilitates  their 
further  study. 

Those  glasses  which  correspond  in  composition  to  definite  chemical  compounds 
are  known  technically  as  normal  g’lasses,  but  it  was  for  a  long  time  thought 
that  no  truly  normal  glasses  could  exist,  but  that  they  would  rapidly  crystallise 
(/.<?.,  devitrify),  and  lose  their  characteristic  properties.  Later  investigations, 
including  those  by  Hovestadt,  Zulkowski,  and  Fischer,  have  showm  that  many 
truly  normal  glasses  can  be  prepared,  if  only  the  molecular  weight  is  sufficiently 
high,  and  that  these  normal  glasses  have  numerous  advantages  over  those  of 
merely  approximately  normal  composition.  Numerous  normal  glasses  of  the 
following  compositions  have  been  prepared,  and  have  proved  quite  permanent 
and  satisfactory : — 

SNa^O.yCaO.  368102 

5Ko0.7Ca0.3&iOo 

SKoO.yPbO.sdSiOr, 

6K30. 2PbO.  2ZnO.  2BaO.  36SiOo 
3Na20. 3K20. 3PbO.  3CaO.  368160 
3Na30. 3K20 . 6PbO.  368102 

It  is  important  to  observe  that  Benrath,  so  long  ago  as  1875,  showed  that  most 
useful  glasses  (other  than  optical  ones)  are  included  between  the  limits — 

NagO.CaO. 68102  and  5Na20.7Ca0.368102. 

It  is  a  matter  of  general  experience  that  the  simpler  the  composition  and  the 
smaller  the  nurnber  of  atoms  in  the  molecule,  the  more  readily  will  the  substance 
crystallise.  This  is  equally  true  of  the  silicates,  and  is  a  further  proof  that  the 
number  of  atoms  in  each  molecule  of  glass  must  be  much  larger  than  is  commonly 
supposed  by  those  w^ho  represent  the  composition  of  glasses  by  the  smallest 
possible  number  of  atoms.^ 

•  theories  yet  proposed  In  relation  to  the  chemical  constitution  of  glasses 

IS  that  01  W.  and  D.  Asch,  who  suggest  that  glasses  are  complex  silicic  acids  or  the  corresponding 


substances  of  low  molecular  weight  crystallise  readily  whilst  those  of  high  molecular  weight 
^e  ^fficult  to  obt^n  in  a  crystalline  form,  it  is  obvious  that  the  properties  desired  in  glasses  will 
be  obtoed  much  more  completely  in  a  compound  of  very  high  molecular  weight  than  in  one 
of  s^ple -constitution.  This  is  particularly  the  case  with  the  defect  known  as  “  devitrification,’ 
in  which  a  simplification  of  structure  occurs  and  crystals  are  produced. 
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salts  with  36  <»i’  uitJte  sUiroii  atouis  in  the  mnlecule.  Ft»r  tlu*  piimary  iu'iil  uitli  36  -hliisin 
atoms  in  the  tualecule  they  sugijest  the  f»»rmula  — 
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In  thoi.  luntnila  the  inntitun*^  niarlasi  wish  4  1  air  rsiliei  iliteil  biinil*  hriwrrn  ihr  -iln-ni 
lings  ^  of  iiti-  those  tti  whirh  dilasie  ainl  sesf|nsH\s«lr  |Hiiiiin|»  eleinmls  iiwy  hr  atliirhrtl.  In  iliri 
hirnmla  t!»e  nutxtJitum  niniihri  of  till  gHHifis  is  shown,  hut  a  -.nirs  of  iiftils  wilti  lewri  ctll 
l|f<ntjn  is  also  thrinrtirally  |»tissihir,  iisnl  the  It  almiiH  hi  the  till  gfiiii|»s  ran  lie  ri*|ihti‘ril  rlihri 
in  |wrt  Of  eiiin|4ficly  by  Miiilsnm,  fHilassiism,  ealelnsii,  sisagneshiitn  asitl  variotis  nitser  melftli.  An 
these  rc|iLif'emetUii  orenr  exeliwivtly  iHilsidr  ihe  hr\tte  rings  liitittrri  by  llir  dtieiiii  alotiis,  ilie 
formula  may  br  mid  in  |it»ssibiliitr>*  imirr  readily  by  rriiimeiiiiiig  racti  gtoiin 

by  the  svndii»l  f  Hi  ,  whirli  reduces  the  fbrttisik  Iti 

■s  ,/ 
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^  Thrrr  rartitiit  l»r  tliiecl  kmds  Ivtwersi  islieoti  aioiiis*  its  f  b  ,\Lttltiu  (%rm.  Vi, ,, 

107^  1044;  113*  bl»  liiis  shtiwii  titiil  »Mr|s  iiiihifis  arr  deslmynl  wifii  inobifi-iti 

of  tiyilrt^eii  when  »iil»iuncei  them  are  I  real  rt  I  with  eaiisiir  |iii|i4h|i,  and  idav.r-j  i|i»  ii*it 
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Thi$  may  be  still  further  simplified  by  omitting  the  hydroxyl  groups  but  leaving  the  “bonds,” 
and  representing  the  complex  group  Si3g058  (which  includes  all  the  hexite  rings  and  the  connecting 
oxygen  atoms)  by 


which,  if  fully  hydrated,  corresponds  to  the  formula  i4H20.36SiOo. 

Using  this  diagram,  the  formula  of  a  typical  soda-lime  glass  is  represented  by 


(0H)2  OCaO  (OHjo 


.(ONa)2 


^=OCaO 


:=OCaO 

<ONa)o 


•which  corresponds  to  2H20.5Na20.7Ca0.36Si02.^ 

It  is  clear  that  many  isomers  of  this  substance  are  theoretically  possible,  and  the  precise 
arrangement  of  the  various  calcium,  sodium,  and  hydrogen  atoms  must  determine  the  properties 
of  the  glass,  these  properties  being  deducible  from  such  formulae,  and  confirmed  by  those  actually 
found  in  the  glass  itself.  For  instance,  it  is  clear  that  in  the  above  formula  some  of  the  calcium 
atoms  must  behave  differently  from  the  others,  and  the  same  remark  applies  to  the  sodium  atoms. 

These  formulae  also  show  why  a  good  glass  cannot  consist  of  sodium  and  potassium  as  the  sole 
■metals,  and  that  a  monovalent  and  a  divalent  metal  are  both  necessary. 

Some  of  the  silica  rings  can  also  be  replaced  by  analogous  ones  of  boracic,  phosphoric,  stannic, 
and  other  acids  and  their  anhydrides,  and  various  silica  groups  can  be  replaced  by  the  anhydrides 
of  stannic,  titanic,  zirconic  and  analogous  acids.  In  this  way  a  number  of  glasses  of  special 
properties  may  be  produced,  many  of  them  being  particularly  valuable  for  optical  purposes. 

A  considerable  amount  of  further  research  is  necessary  before  the  precise  positions  of  some  of 
the  various  metallic  atoms  can  be  settled.  This  research  must  necessarily  follow  in  directions 
analogous  to  those  used  with  such  conspicuous  success  in  the  study  of  the  constitution  of  the 
benzene  derivatives  and  other  aromatic  carbon  compounds. 

The  positions  marked  with  a  -f  in  the  foregoing  formulae  are  highly  important  inasmuch  as  acid 
g;roups  and  metallic  oxides  (either  in  the  ous  or  ic  form)  can  enter  the  molecule  there  with  remark¬ 
able  effects  on  the  properties  of  the  glass,  particularly  as  regards  its  colour  and  the  action  of  light 
upon  it.  These  positions  are,  in  fact,  the  ones  to  which  coloured  glasses  owe  their  special  properties 
{see  p.  268). 


behave  in  this  manner.  Geoffrey  Martin  has  shown  experimentally  that  precipitated  silica,  when 
•dehydrated,  has  a  cyclic  formula  corresponding  to — 


'y  'o.y 

^  \  /^o 

o  ^  o^/ 


■  I 


The  action  of  heat  during  the  clarification  of  the  glass  may  cause  the  separation  of  the  HgO 
groups  here  shown  ;  the  bonds  thus  set  free  unite  with  and  satisfy  each  other,  leaving  the  formula 
5Na20.7Ca0. 368162, 
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Ifiiliimiim  is  intioduced  into  a  glass  iiiixturc,  it  will  usually  occupy  the  piisilions  marked  with 
a  I  ,  us  in  the  formuhe :  - 
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ThfM”  are  i.s«mrrjt“  varialitiM  «f  ihe  formula  corre*4|H>nding  tf»  the  of  **  Beni  ‘riiwriu|..tian 

tile  three  foregc)i«|*;  foritnihe  tteirig  rcmHidercd  by  VV.  aiul  l>.  Anrh  Ui  .nhow  the  three  inomerH 
lor»f»e<l  by  Kehott  by  keepmg  “  Bent  Thurlugiari  CBiwh”  for  two  yearfi,  by  healing  it  to  (A  and 
by  fieating  it  to  the  softening  point  and  ri*»anfiealirig  it.  It  is  probable  that  on  healing  t<»  the 
%oflrning  {want,  the  rompound  A  h  formetl,  the  iyinmetricid  diilrihutiem  of  the  ineiallir  iitoin^  in 
It  wimhi  acctamt  for  ilH  better  quality  and  greater  stability  than  etim|MiuniK  B  and  C. 

It  is  here  assumed  that  on  storing  or  heating,  the  alkali  groups  alone  change  places  find  ihit  the 
dilmsk  and  alumina  ones  are  more  strongly  IwHincL  That  ttierr  is  some  truth  m  thk  iisminipilon  k 
shown  by  the  retearehes  cm  the  depressiem  point  of  tliermiunetrrs  made  of  vtiiotis  glussei  hy  Sdmtt 
and  others,  indicating  a  change  In  the  niilure  of  the  glass  when  Mtcuecl  or  rr|)eiiicdly  healed  iind 
Cf»okfth  In  particular,  Schott  found  that  glasses  contahnng  iMUimium  tml  no  i*i«Iiutti  showed  little 
or  no  depre»ion,  ami  the  al»cnce  of  depressiton  in  glaises  which  ecmttiin  sodium  hut  no  potitssiiim. 
According  to  the  formulie  given  akivc,  such  glasses  do  not  permit  the  alkali  groups  to  rephire  eaeh 
other,  m  would  l»c  |Kisiihle  if  ladh  sodium  ami  |Kitassiym  iitiim*<  were  prricnt,  and  the  changes  In 
the  nature  of  the  gkis  are  therel^y  prevented. 

The  effect  of  tlumina  m  gkis  hat  been  shown  hy  Hctmii  to  Increaie  the  facility  with  which  ihr 
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glass  can  be  worked  in  the  blowpipe.  Seger  also  studied  the  effect  of  alumina  very  thoroughly  and 
found  that  it  increases  the  fusibility,  makes  the  glass  easier  to  work,  and  greatly  reduces  the  tendency 
to  devitrify  or  crystallise.  Many  manufacturers  have  also  found  that  the  presence  of  a  small 
proportion  of  alumina  greatly  improves  the  working  power  of  the  glass.  It  has  hitherto  been 
difficult  to  explain  satisfactorily  how  so  small  a  proportion  of  alumina  (seldom  more  than  3  or  4  per 
cent.)  could  make  so  much  difference.  Various  theories  of  catalytic  action,  etc. ,  have  been  proposed, 
but  the  position  of  the  two  aluminium  atoms  in  the  foregoing  formulae  explain  the  effect  of  the 
alumina  on  the  glass  far  more  simply  and  satisfactorily  than  any  previously  published  theories :  it 
binds  the  silicon  rings  together  in  a  firmer  manner  than  when  no  alumina  or  corresponding 
sesquioxide  is  present. 

The  use  of  these  formulse  also  explains  the  curiously  anomalous  behaviour  of  alumina  in  glass. 
All  the  earlier  writers  on  glass  manufacture  protested  strongly  against  the  use  of  alumina  as  making 
glass  more  difficult  to  fuse  and  increasing  its  tendency  to  devitrification.  Later  writers  have 
expressed  a  different  opinion,  and  Schott’s  experiments  have  shown  that  some  alumina  in  a  glass 
greatly  increases  its  working  properties  and  gives  it  special  facilities  for  being  worked  in  a  blowpipe. 
The  fact  is  that  if  the  alumina  present  is  sufficient  to  occupy  the  positions  marked  with  a  -h  in  the 
foregoing  formulas,  the  presence  of  it  will  be  advantageous,  but  if  it  is  otherwise  combined  it  will 
facilitate  the  formation  of  alumino-silicates,  and  these  are  of  an  entirely  different  character  to  glass 
and  have  a  much  stronger  power  of  crystallisation,  as  well  as  a  higher  fusing  point.  With  very 
small  proportions  of  alumina  the  +  positions  are  occupied  by  this  oxide,  but  with  larger  propor¬ 
tions  other  substances  of  an  undesirable  character  are  formed.  The  maximum  proportion  of  alumina 
permissible  can  be  calculated  from  the  formula  of  the  glass ;  experimentally,  it  is  found  to  be  less 
than  10  per  cent,  of  the  weight  of  the  sand  used. 

These  formulm  also  explain  why  glasses  containing  a  small  proportion  of  alumina  are  less  attacked 
by  chemical  reagents  than  are  alumina-free  glasses.  The  form  in  which  the  alumina  is  added  to  the 
glass-mix  is  important ;  clays  are  unsuitable,  the  best  form  being  felspar  or  sands  containing 
felspathic  matter.  Pure  alumina  may  also  be  used,  if  desired,  but  is  more  costly. 

The  well-known  fact  that  glass  is  attacked  by  pure  water  more  strongly  than  by  acids,  and  more 
by  weak  acids  than  by  strong  ones,  may  be  explained  by  the  use  of  the  foregoing  formulse.  It  is 
probable  that  water  alone  causes  primary  alkali  to  be  separated  from  the  molecule,  and  this  free 
alkali  then  reacts  on  the  molecule  and  removes  some  of  the  silica,  forming  one  or  more  five-atom 
rings  or  pentites,  this  reaction  having  been  frequently  observed  by  W.  and  D.  Asch  in  other  complex 
silicates.  With  strong  acids,  on  the  contrary,  the  alkali  is  immediately  neutralised,  and  the 
secondary  action  is  prevented. 

The  cause  of  the  devitrification  or  crystallisation  of  glasses  hasTong  been  a  subject  of  investiga¬ 
tion  and  theorising,  but  without  much  satisfaction.  Groger  examined  the  devitrified  glasses  produced 
at  a  large  Austrian  works  very  thoroughly  and  found  that  the  chemical  composition  of  the  amorphous 
and  crystalline  portions  were  identical.  Other  investigators  have  also  proved  experimentally  that 
the  theory,  which  was  at  one  time  very  popular,  that  the  crystalline  portion  was  more  siliceous  than 
the  original  glass,  is  untenable,  and  that  no  change  in  composition  (as  represented  by  analysis)  occurs 
on  devitrification.  At  the  same  time  the  physical  properties  of  the  two  portions  differ  greatly ;  the 
crystalline  portion  is  less  fusible  and  more  soluble  in  acid  than  the  original  glass.  The  use  of  the 
foregoing  or  analogous  formulse  enables  the  cause  of  devitrification  to  be  explained  in  accordance 
with  all  the  experimental  evidence  available,  as  the  formation  of  a  stable  compound  from  an  unstable 
one  by  the  loss  of  a  simple  constituent,  such  as  wollastonite  (calcium  silicate)  and  not  as  a  mere 
rearrangement  of  the  atoms  within  the  molecule  as  suggested  by  Pelouze  and  others. 

That  an  almost  endless  series  of  glasses  of  similar  composition  may  exist  is  shown  by  the  enormous 
number  of  possible  isomers  deducible  from  the  formulae  previously  given.  The  series  may  be  further 
increased  by  the  replacement  of  one  or  more  of  the  silicon  rings  by  a  similar  ring  composed  of  boron 
atoms  or  by  the  existence  of  rings  containing  only  five  instead  of  six  silicon’  or  boron  atoms. 
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In  addition  to  this,  the  fact  that  the  materials  used  in  the  manufacture  of  glass  are  seldom  quite 
pure,  and  therefore  introduce  other  elements  into  the  glass,  still  further  complicates  the  composition 
of  the  material  finally  produced,  and  lends  much  colour  to  the  belief  generally  held  that  glasses  are 
mixtures  and  not  definite  chemical  compounds.  A  thorough  study  of  the  whole  of  the  available 
experimental  evidence  appears  to  indicate  that  most,  if  not  all,  glasses  consist  essentially  of  definite 
compounds  of  considerable  complexity,  and  that  the  influence  of  the  so-called  impurities  in  the  raw 
materials  is  only  to  increase  the  complexity  of  the  ultimate  compound  so  far  as  they  are  not  removed 
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clurii\|^  ihc  manufacture  of  llio  glass  or  scparale  from  it  cm  piijltuigcd  storage,  simultutunnisly 
causing  devitriticaiion.  At  the  satuc  time,  the  uKumer  in  whieli  many  et>mmen‘ial  glasses  are  macie, 
ami  the  imperfect  way  in  whieli  most  of  the  published  analyses  have  been  carried  t»ut,  render  it 
exceedingly  dilhcult  to  calculate  the  precise  f<»rmuhe  to  which  the  glasses  really  convspoml.  The 
impossihilil}\  at  present,  of  separating  the  chief  substance  of  definite  chemical  ctunposition  from  tlie 
others  presetU  in  an  ordinary  glass  of  good  cpiality  still  further  incteases  the  difhcuhy  of  deciiling 
how  far  glasses  are  tlefinite  chemical  compounds  with  other  subslam'es  included  in  them  in  .small 
proportions  and  how  far  they  are  ctnnidex  mixtures  of  simple  silicates.  This  has  led  to  glasHen 
being  regarded  as  mixtures  or  ** solid  HolutioiiK. " 

The  ordinary  mixture"  or  “solid  solution"  theory  is  based  cm  three  chief  arguments: 

(t)  That  mixtures  of  definite  silicates  melt  helc»w  the  mean  meUing  munt  of  the  several  hiUcates 
used,  and  sometimes  Irelow  the  mtdiing  peunt  of  any  one  of  them,  in  reality,  hcjwever,  a  lower 
melting  point  may  etptally  well  indicate  the  formation  c»f  a  fresh  ccunpound.  (2)  The  sepiuation 
from  a  siliceous  melt  of  varicais  crystals  at  different  temperatures,  hoelter  has,  h<»wever,  expressly 
warned  investigators  against  the  fallacy  of  applying  this  method  to  silicaleH,  as  the  prtdonged  action 
of  heat  tUTCHsary  to  secure  the  requisite  cjuantity  of  crystals  effects  serious  changes  in  the  const itul ion 
of  the  material,  and  permits  reactions  to  pr(»cec<l  which  are  unret'ognised  unless  specially  staight. 
Besides,  the  formation  of  crystals  at  a  certain  temperature  is,  of  itself,  no  guarantee  that  the 
congKamd  f(»rming  the  crystals  was  actually  present  in  the  funecl  mass;  it  wusnu>re  piobably  pitaluced 
by  secondary  reartitms  during  the  time  required  fur  the  maleual  to  reaeli  the  given  tempenilure.  (3) 
The  electrical  conductivity  i>f  :i  glass  decreases  imifutndy  with  the  iempt‘ratur<',  thete  being  nu 
break  between  the  fluid  ami  solitl  slate  as  is  the  case  when  m'ystals  me  fnrmetb  This  fact  meiely 
slunvH,  however,  that  separatitm  uf  crystals  occurs  under  the  conditions  uf  the  expeiiment,  ami 
cannot  be  r(‘garded  as  showing  the  absence  «d  a  definite  compountl  as  the*  prepemelerafing  cunslilut'ni 
of  the*  glass. 

ReH*ent  iiwcstigatioiis  have  shown  iluit  when  glass  is  wanned  to  300’ (!.  and 
subjet'ted  to  a  current  of  electricity^  it  hecoines  ttlectrolytically  dissiociitted  into  its 
respective  electrons.  Cikss  m  so  poor  a  conductor  that  the  auKiimit  of  dissociation 
is  very  small,  tliough  it  is  (|uite  perceptible  wlu*n  mertmry  electrodes  art*  used, 
scHiituu  amalgam  being  formed  at  the  cathodts  The  c^omposititm  of  the  anode  ions 
has  not  been  ascertained ;  hut  it  has  been  provetl  that  no  gas  is  evolved  at  the 
anode,  so  that  the  most  probable  result  of  the  elecdrodes  is  nu'rely  to  remove*  some 
of  tlm  sodium  leaving  a  more  refrattiory  glass.  On  heating  the  electrolysed  glass 
i/i  fHti'iio  to  its  softening  point  it  becomes  turbid  and  an  c*volution  of  oxygc’n  iHa*urH 
ec|uivalent  to  about  ont;  moletaile  of  gas  to  thrta*  molecides  of  sodium  at  tlie 
cathode.  If  glasses  are  solid  solutions  a  far  largtT  proportion  of  oxygen  sliould  la* 
evolved. 

When  a  gksx  is  heuted,  it  piiHses  ihnntgh  all  degri?ef  uf  vwctiiliy  until  it  beomms  cniiti*  mtdiilc, 
tlujre  being  no  sharply  defmtttl  iam|»eriitiire  at  which  it  changes  definitely  hum  iuhcl  in  Ihfulil. 
Kveri  at  temperaturei  at  which  they  appear  to  »ilii!,  phiiteH  are  deformed  griithittlly  under  severe 
KtresHCM,  though  under  11  iudden  tlreiii  they  net  as  brittle  sfdids,  Parker  itnd  niillidty  have  found 
that  the  rate  t»f  dcfornmtlon  under  cjon^tant  stteis  h  iin  rxponentiiil  function  of  the  tem|reriittire,  the 
ctiwiUitm  repre  eating  it  containing  an  expression  which  varies  with  the  cont|K»iit!on  of  the 
This  alnence  of  a  wefbtlefiiicti  melting  tioint  merely  indicatei  that  the  eonitituents  of  gkw  have  been 
under-etmkd ;  it  does  not  necesiarily  snow  that  gliiis  aintains  more  than  one  CMScntW  constituent 
m  the  supporlera  of  the  “ mixture*^ llttHiry  suggcit.  Phenol  ami  timny  fusetl  orgitiiic  compoiimtH 
of  known  ctmmitution  behave  likcgltwsif  ccmied  Um  rapidly  for  cryitiilHwuion  to  occur,  or  in  the 
presence  of  iinall  proportions  of  impurity,  yet  it  k  never  suggeiit©l  that  Much  compounds  are 
“mixturcM'*  or  “mnid  solutions." 

If  the  whole  of  the  evidence  in  examined  irn|«mklly,  it  will  bf  seen  that  the  “mixture"  or 
“  solid  solution"  thetirics  only  explain  a  very  small  promirtion  of  the  bictx  observed  with  regard  to 
the  conititution  of  glasses,  and  that  they  hinder  rather  than  help  the  further  progress  of  tnvcstigiUion 
of  these  sabstances.  The  theory  that  they  consist  esHCiuially  t>f  definite  chemical  c'ompoundi, 
UHually  with  an  indefinite  propeuntm  of  impurities  and  iMisiibly  of  sectindary  com|aiumk,  on  the 
contrary,  permits  a  number  of  prognoies  to  be  made  which  are  fulfilleil  by  the  results  of  cxperimeiiH 
based  u|Km  them,  and  thiH  tlH*<»ry  also  tmables  a  coniicleralile  number  of  the  properties  of  various 
glasies  to  lie  explained  In  a  more  satisfactory  manner  than  hitherto.  It  is  not  claimitrl  lliiit  1#// 
commercial  ghwtes  are  completely  componed  of  a  Hingle  com|KHmd  In  ench  tm«t%  though  such  a 
fiiatemeiit  applies  to  most  of  the  better  qualities  of  the  glasMfH  m»w  in  use.  In  rfim|«rlng  the 
analyses  of  glmwcH  with  the  theorcticmlly  |ro»sildc  formula  dcducible  frtnn  them,  It  is  lin|HirUiiil  to 
liear  in  mind  the  extreme  complexity  of  the  compounds  known  m  gliwst**,  and  the  influence  of 
indutled  impuritiei  in  many  of  the  lower  gnwles.  Huh  fact,  coupled  with  the  enormous  numk*r 
of  |K«sible  compiiwnds  of  similar  but  not  identical  eom|MtHition,  has  lieen  tfir  chief  difficulty  in  the 
Wily  of  recogntstng  the  definite  nature  of  gkssci  ns  distinct  chemical  conqiounds,  and  hm  given  rise 
to  the  erroneous,  but  generally  heUI,  view  that  they  are  mixtures  of  vathnw  simpler  compiismK. 

The  following  are  the  average  analyses  iif  a  iium!>er  of  ty  picul  gliiwi  ;  — 
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At  first  sight  these  analyses  cl<>  net  appear  to  indicate  very  tlefinitc  eoinpoumls,  hut  a  careful 
calculation  of  the  formuhe  will  show  that  (allowing  fc^r  included  impurities)  the  majority  r>t  them 
correspond  fairly  closely  with  one  of  the  following  mnnuhe : 

rxR./  )./d<C  ).36/i(a  Sit  )o  1  jlU)..) 

«'R./).^/RC).30/d»irSiOi,  ! 

(where  «  indicates  unity  or  any  multiple  tjf  the  numhers  30  or  36  respectively). 

It  is  interesting  to  amipare  these  analyses  with  the  formula?  given  tm  pp.  237-239.  It  is  alH«» 
well  to  hear  in  mind  that  the  presence  of  a  small  proportion  t)f  impurity  will  often  prevent  a 
suhstaitce  from  crystallining ;  this  well-known  fact  is  largely  used  in  glass  manufacture,  ami  the 
strict  adherence  to  the  propcatums  of  raw  materials  likely  to  produce  glass  of  completely  **mjrnmr’ 
composition  is,  therefore,  avoided  hy  many  glass-makers.  This  does  not  alter  the  fact  that  glasses 
are  definite  ehemical  compounds,  though  it  dues  make  a  study  of  glass  analyses  more  dilHcult  than 
would  otherwise  he  the  case. 


From  tlic  formulu?  shtwn  abovo  and  ott  pn‘vitms  pag«*.s  it  follows  that  the 
proportions  of  the  various  ingredients  used  in  tin*  m  nuifaflure  of  glasst?s  must  be. 
confined  within  somewhat  definitt*  limits,  and  (*xperienee  has  shown  this  to  Ih‘  the 
case,  'rhus  glasses  containing  more  than  Ho  per  <a?nl.  of  silira  art*  of  no  cHmmn*nnal 
value,  as  they  are  very  diffieult  to  fuse  and  devitrify  reidily  :  tin*  sueet‘ssful  produe. 
lion  of  arlit'les  from  a  fu.st*d  mass  of  almost  pure  silira  suggests,  howtwor,  that  a 
more  exiendotl  researeh  on  tluse  highly  siliet‘ous  glasst*s  will  shtiw  that  tin*  dt*vitri 
fieation  i.s  largely  ilne  to  iht*  use  of  an  exeess  of  mtdallit'  oxide  rather  titan  the 
impossibility  of  producing  glasses  with  more?  than  tlu*  percamtage  of  silica  just 
mentioned.  That  eertain  proportions  t4  metallic:  oxide  and  silicai  will  produtT  an 
unstable  glass  whit?h  readily  devitrifles  into  a  staldc*  cTystallinc:  cantipound  and  a 
stable  amorphous  glass  is  readily  prognosticxUed  from  the  formulre  mentiontal,  Init 
this  ran  occur  with  any  proportion  of  silitM  and  i.s  not  confmetl  to  those  glasstfs  in 
which  the  proportion  of  silica  is  umisually  high.  Kxptuienta*  has  shown  that  tlie 
c'omposition  of  the  mixtures  used  for  glass  making  must  be  acanirale  within  namnv 
limits,  though  tlu*  results  of  analyses  of  the  linislu'd  glass  do  not  c'orrespond  to  the* 
proportions  of  the*  raw  materials  us«*d,  it  being  almost  impossible*  to  make  due 
allowama*  for  the  removal  of  seum,  the  atnion  of  the  glass  cm  the  pots  or  fnrnata* 
and  tlie  losses  whic-h  ocanir  through  volatilisation.  This  last  will  usually  amount  to 
almut  6  per  cent,  of  the  alkali  used,  a|iart  from  the  m«»re  readily  recaignistal  volatile 
const  ituents. 

It  is  now  gcucrully  acliiiittcd  ihiit  the  follimiiig  itiolrcuku  unites  cxptcHs  the  littihs  hclwa*cn  which 
m«»st  isumiicrctidly  tiHchil  gloHC’H  full ; 
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'Fhe  properties  of  glasses  are  greatly  influenced  hy  the  treatment  they  receive 
during  various  stages  of  manufacture  and  in  the  sulisecimtnt  .storagt?.  If  cooled  tot) 
rapidly,  glass  l)ecome.s  brittle  and  liable  to  foil  to  powder  of  its  own  acetird  on 
account  of  the  internal  strains  to  which  it  is  subject* 

This  is  well  shown  by  the  behaviour  of  Rupert’s  drops  whic?li  consKt  of  drorw  of  glitsH  which 
arc  fooled  very  raphlly  hy  allowing  thr  molten  glasn  n»  drt>j»  slowly  into  water.  The  intrrioi  of  the 
maiis  is  in  11  state  of  intetwe  strain  owing  to  iiM  dilation  having  been  jwvenlet!  hy  the  more  rapidly 
c«Kded  outer  layer.  Hence  the  breaking  off  of  even  a  miiuitr  ponton  of  the  drt»p-  will  nutsr  the 
remtimler  of  the  malcritil  to  fall  to  powtier  with  almogt  explosive  violence. 


^  The  recog^ntsed  limits  for  champagne  katlei  (see  p, _242)  rttrresptmd  to  tj  iHRO, 

i‘6R^O;t,  36Hi6a.  Gk».»  for  common  T«»ules  in  not  ici  rich  in  llnif,  iind  the  ttsuid  linisH  for  it 
corre»|X)nd  ioe*6R./),  6-i8RO,  i  3K1.P3,  j6HiOg. 
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ihf  irfUn».ui«»K  t4  tU**  sifK'ir,,*!  i:h  .'i  .  |*  4|  f  v»>!  “  .ih  ’  »  •<  ‘ 

Hilt  glash  is  S'l  viscous  lisal  it  way  A-'  4lr  4- *4.  4  .  1!  ht  1  ^irii 

holiciw  vcssdh  hy  llit*  pirssuii’  at  llir  liliiii.i:i  UsM^h  '^4  Uh-^  ‘i.iliv  4»i  »  *i||||K4v4s| 
air;  it  nmy  biJ  liiiitiklril  iitU*  laiioiis  \!u|k'*  3n  uu;  ii  wi  .iti  hmii  tii4ii*4  ,yti| 
lllowiug  itlll)  ill*’  yJilssV  lliasu  Sf»  lil.ll  ft  r^|s|!s4*  411.1  ,<  .•  I'H*  ^h^a*  mI  ilif 

tiunikl  (lliis  ti|M*r»ili«iii  ik  stwf^iity,  liv  4» 

pressing ;  it  may  tm  i»tr«H'i4;i!  In  iiuMfi*  hi  4  pi  1  iih^4''  .  *1:4  nis*  b  au-  *lr4irt|i, 
Hot  glass  h  aki»  mi  dirlile  lliai  it  e  i«  be  4f4»u  -  nn  rsM,4it4  H  fin  ■  ilmspU  nl 
a  beaiiltfiil  silky  liisire  .ititl  lapatili  mI  ^1^411;  ^imv.  u  rti'.  a  tilur  r*\i!nii4|y 

fine  filaiiicmis  me  kimwii  as  spuil  glm%>  it  ili  nta.*  mi  ,:l4<s  r.  hnlbw  firbite 
btfing  drawn,  litims  nr  jiiprs  mil  !«’  ps^KbiM’d  fS,-,-  .iir  4ir4  i-t!  4  i.iii-iy  «ii' 
purpims,  imriittilarly  in  iJiriiiitai  liliMiaiimrs 

The  W4|kill|*  p4W**l  mI  gl*  ‘  i  'H  I  '  '  .  ,  -  «-  *,  ,1,  'S  44||»'’ 

riirve*  kiiiI  il  *  ’4iiil.it*r  Ijsik  41  IS”  ki  ^  *  ’i'****  ?  4  i  44-  •.  ii  ,44%  1  \  t  .  i 

triii|r''l*llni«%  Itsi'l  '*  l»*44  »  .|  t  hip'  /I  r.  *  i  .  Jht.  1  ’  ,  ’ 

A«s’*»|iiiii|»  ip  \  Il  4  llir  4|'  fS-'  t%  hV-ii*  |v«nrt.>4  4.|U-a  r.  •  ''^4,  ^  £> 

ihr  tHriilintt*  tiiaikrti  %Mih  i  m  S'44'a  r  1  m!  '  •  4  l-s  1 

iitl  liie  liilKilter  »»l  tin  4h  %  |p'»w|''*  ««  41  «’r.  th  a  ^  >*  I  144*  S  m1  jjji, 

ISIS  rr  *p»»ikI‘*  'Vfiy  l^i  if*  f  iiiiw*4  II  <^1%  i./4  <  1  A  **  s  i‘  i  m  i|  t  i  t 

rtyaal  |»Lt%.  »»f  r¥r«  l♦le4l**r  |M|4ihiiH  «  4*1  /'I*  ii  |  ‘  m  U  4.  S* 

pAe^rs  .yr  Ii4lr»t  flit  llirti  iriit4ik4l4»  I  1  n',  %  h  i  ' 

(bk  |U.nllK  K  |riH|«  Tl,  Mill  11  ilp|tmt  *  lliahh  |f|'  •<*!  |r  '1*4  t  1.  4^  .  4  *  ^  4m- 

ssati|ile^lt¥  tif  llirii  tiiilr? iiiii  tmrMihUmi  At  a^I!  »>  «  e*/  4kii*4i.i  >'-'  s.  'k*-  j  •*.  uPai  .  11^,411 

il  tliifi*  riif  m'rll  pi**|irtlir%  ut  |«' *  P  4,  |  .1544  1,  m>**  I  ] 

WfilisniLtr  wrsfjiU  in  iiicka -tfit*  ttir  #ti  *i  i/Ai.-*  ^  4?.  r.ii..*  ‘S.  4,  ‘  »i  r  tit 

mlmistsl  iiirnillr  mp  ip/4f^  «i%'  4ii‘'  v,  a|  ?  tr.  .  4r  >1  m- 

whifh  lliiMf  rlriitriil'i  mp  .lUIr  in  |4^«|«ir 

Homogeneity  is  an  t^sriilial  I  liaiat  nf  id  pit.  it  is  r%^  rr4iii|dy 

diflinitl  to  fi.iitiiailiily  $11  tiiiiwiiM  aiMiijf/il  u*  4  ^nniiiisinas  sappH  nl 

gliiHS,  ihcHigh  iiiiii'li  liuy  lie  ibiiir  It)  *  iirfnily  riiiftisliip:  die  si. ns  mI  tlir  ntrliiiip  jtt*fs 
«r  Uiiks  ant!  by  braliiig  fti**  glass  tn  a  siifli#  imtly  bipb  irmpri  4iiii^ 

A  pmiilimiil  « Itarai  Iriislie  nf  gltsi  is  its  IrailtparCflCf,  tlempli  ibss  difiris 
greatly  wilb  iliflrff^fil  sjirt  iiii«-iis,  sutiie  Ik  nip  firdn^d  #111.1  |H»*  Ip  ibr 

ilfltliliiiii  lit  iiiftisible  iittUii*  wlidsl  Mlltri »  .iir  #i|i4fp$r  Im  >*ni,nit  tais  ai  liplil 
Most  nidiiuiy  glass  i»  iifiadMe  to  iilli.iimiri  .tiid  mlia  frd  t.it,  1  rptn  nilli  tl  «  is 

rieh  in  lead.  Oihrr  ffliism  aie  iinw  itiadr  ti  me  |faiis|t,it.niit  im  |Miia  iilii  jiaiu* 
nf  ihe  spmniiii,  ami  t<i  K  and  oilin  ilrliiiiir  i4|s  if  ss  ib.ii  ibi- 

lrampareii«7  tir  opariiy  of  sin  li  gl.i*.rs  tlrpriids  Mj*«i  dnoi  itMiipaeiinn  Itm 
Ojitiral  firojiiTlit’s  id  glass  air  Uigrly  tlim  pi  its  itaiMpairfnp  hm  am  met#  ton 
veiikmily  miisidned  sr|i:iiairly  ffr  j^*|I 

Ttll"  «*f|ri  I  Ilf  lir  ppi'i  Of  i  !r-4<!  »  I  ,.s  1%  P;  .  .Ii 

Thw  fart  K  ii»i*ti  ir* tiiiKsilly  m  ibn  «f  i  l  %ii  .*1  imliiltf  #  '*4i 

ri»si%|f*|  ♦  yf  firiliiiary  gios  p  Iiiir4fr4  wiih  siij<  r#  #  ii  *  *1?  ^  e  <  1# 

till*  iWI$^  <lC  Its  IKltllwl  It4ll%|*4fril»  y,  Jfrti  In  friidef  if  r/|*#.  I  * 

The  density  nr  sprnfir  gravity  «l  glass  %stfirs  wiiti  ilir  ifioko  h\m  mn/ti  tip 
mill  ranges  froiii  t,i5  foi  ilie  liglurp  liofaU'  gh'^sr.  to  n  fa  ilir 
H|R*rially  driHr  Iratl  bafiiiiii  glasses  ikdimn  glass  ta.  s  pfei  in  gfnai  #4  i 
tci  3*00,  ami  dors  fiat  vary  4|)fiierial%  wiili  itir  mwiinis-iiuni,  so  rmg  as  Irid 

and  liariiini  imi  mil  aiiitmg  im 

*  The  »tigpf#ltt«i  titti  liil'4  «iii|ilr  ’iiliiMir  is  pirtfiii  in  iKf  ^k\?  n  n  -  i^ni  ,4r4  fi 

k  limit  pralwlily  fiiritirtl  Ity  tl*r  |ifiilmi||r4  hf.iiiiig  41  4 
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On  heating,  the  specific  gravity  is  reduced,  1ml  the  expansion  of  glass  is  very 
irregular  and  varies  greatly  with  different  types  of  glasses. 

For  .sixlu-liiue  glanses  the  mean  coefficient  of  expansion  lies  Ijctwec'n  o.oock>23  and  o.CKX>oi7 
per  1®  I'he  expansion  of  glass  becomes  important  in  the  manufarlure  of  ihermometer.s  and 
some  other  scientific  apparatus,  aiul  also  in  the  manufacture  of  lenses  and  other  articles  in  which 
two  different  glasses  are  fused  together.  It  is  even  more  imjHirlant  in  the  manufacture  of  flashed 
window  glass,  enamelled  glass,  and  in  those  cases  (c.,c.,  electric  lamps|  where  metal  is  fastenecl  to 
glass.  VaritHis  methods  of  reducing  the  irregularity  of  exjmnsion  are  now  use<l  in  tlic  manufacture 
of  scientific  apparatus,  but  a  description  of  these  is  beyond  the  scope  of  the  present  article, 

(dasH  of  low  expansion  is  very  vistmus,  and  if  boric  oxide  is  used  to  ovcrc'oinc 
this,  it  tends  to  make  tlui  glass  soluble  in  water. 

dlie  strength  of  glass  has  seldom  hct‘n  tested,  and  the  ]mhlished  figures  relate 
ex(‘lusively  tt)  special  and  little  known  glasses.  'The  l>rittleiH‘ss  of  tlu‘  material,  and 
tlie  t'hanges  induet‘d  by  prolonged  pressure,  make  any  figures  misleading. 

The  thermal  endurance,  or  resistama*  to  sudden  ehanges  of  temperature  or 
to  prolongcti  heating,  possessed  by  glasses  appears  to  depend  partly  on  their  com 
fiosilion  and  partly  on  the  treatment  they  have*  reeeivetl. 

Rf’iidily  fusible  glasses  aic  tht'  most  semsitive,  luul  flic  nearer  a  giuss  uppouirfu's  the  Ciimpnsuioii 
<»f  pure  silica  the  umre  rcmlily  will  it  endure  thcrmsil  treutinent.  In  lids  respect,  glasses  jesemhh* 
the  m«ae  refractory  elavs  and  siliceous  rocks,  though  the  endurance  of  the  huter  is  much  ipeater 
than  that  of  gliiss. 

'llte  mean  sperifie  heat  of  glass  is  0.177  C\,  and  0.190  from  o'- 

joo"  C 

tdass  is  a  particularly  hud  conductor  of  lieut,  ami  tlicrelore  re*juircs  n  consideruhlr  litne  lor  it  to 
Iwrorne  healrtl  uniforndy.  This  is  one  cause  nf  it  cracking:  it  is  so  dUticult  to  secure  a  uniform 
distribution  of  the  heat  unless  the  glass  is  exc'cedingly  thin. 

l‘he  melting  point  of  glasses  varit*s  with  their  iHunposititin,  but  tluir  con 
duciivity  is  so  low  rliat  it  is  difficult  to  tibiain  a  shiirp  inching  point,  and  this 
difliculty  is  increased  try  the?  presmua*  of  impurities  and  by  tfu’  atomic:  c'hanges 
glasses  undergo  on  prolcingtxl  hcuting  at  a  teinperatmc  near  to  their  mtlling  point. 

For  mofct  cttmniercyil  parpcisrs,  gliism's  nnwt  mch  lietween  Ojeso”  and  hut  they  tnusi 

remain  |msty  or  viscous  at  tcm|it*r*it«rt»«  far  below  tbit  in  orcler  thiil  tlity  may  ht  worked  com 
vcnienilv  into  the  ttrlicdes  it  b  tleikcd  to  firotUwe.  Where  chetpucMi  li  the  chief  cotwiderdtiem,  a 
readily  fustlile  gluw  is  preferred,  hut  inch  gliwsei  luck  the  |ieriiiatif?ncy  of  thoie  of  a  more  refractory 
rhariicter,  and  tend  to  devitrify  iml  to  he  undtdy  corroded  by  water  amt  other  fluids*  Hie  nioit 
infiisihlt*  ghiii*  h  pure  silica  w4ich  can  only  he  futed  In  the  oxydiydrcigcn  hlow#pl|>t*  flame,  i*r  in  itn 
fdeclric  furimce  at  a  temperature  of  3,000*' C'!.,  though  it  heaimei  soft  tititl  viscous  at  Ck 

ChitsHcM  which  corUiiln  hoth  soda  and  potash  are  more  readily  fusitilr  than  those  which  eoniftlii 
imly  one  of  tht*Kc  oxides. 


Idle  hardness  of  glass  depends  partly  on  its  composition  and  partly  on  the 
rate  at  which  it  has  been  cooled,  (jencrally  speaking,  the  higher  the  proportion  of 
silica,  lime,  and  alumina  tlie  Imrder  will  be  the*  glass,  hut  glasses  rich  in  lead  and 
soda  or  potash  are  frcc|uently  soft.  C'uriously  etiough,  the  soda  glassch  are  usually 
harder  than  the  potash  ones.  All  glasses  wiiich  liave  tieen  caioled  rapitlly  are 
covered  with  a  fihn  of  harder  tnaterial  than  the  interior,  but  this  is  aceompanietl  by 
such  severe  strains  in  the  glass  as  to  make  tlie  latttT  almost  useless, 

Then*  siririn%  miiy  be  uvoidctl,  m  iuggi*>»le«!  liy  Schotu  who  .surrountb  the  with  aitotlua  of 
IchH  expuiHihilhy,  so  that  iMith  the*  exterior  and  flic  interior  are  hardened.  Another  mttliod, 

much  m  ufic  m  prcHtmi,  consists  in  placing  the  gtasn  hetwren  two  metal  pliilcfi,  ho  m  to  xeeure  ft 
riipid  and  uniform  loi»  of  heal  from  every  pan  of  the  hurfacr  am!  to  prevent  the  edgen  cooling  firht, 
Ckipjirr  xheew  give  the  hurdcHi  glaw,  iron  Uieefi  bring  mfermr  for  this  purjiow. 

in  iH74  M.  dt*  III  liftxiir  pubikhed  ft  imnhotl  of  Imnlming  gkxM  which  Imn  not,  however,  become 


‘  Some  tuihotilies  object  to  fiixed  tpiiiit/  tiring  regarded  $1*,  a  ami  it  h  ilirrrfotr  Irrairtl 

M*|mfately  on  p,  270. 
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iHimilai.  ll  sn  4«ii«ri  iii.;  *  ^  ^  a  ^  ^  ^  f  4^-  *  ,  471  'bii 

tikiwifii*  ll  ^  1  If'  I  k  4>  ^  1%  ^  '  '  ,  »  -  4  «’  4  ;<;'(!  ^.iliu'^t 

bmikiiif  aiitl  tMfnlM*  Mf  vriy  1 -,  ^ 

anrfikbSlity,  ftir  »l  ikr  7ii.i!ir‘»i  I  Aiiiil-  g.  I  .^ir  % ^  '  !f  .  ^  ^  ^  *  i  ^  1  «  . 

the  ititrtiuil  litfi'r^  i«  thsy  .;U  •«*’  ^  .  ?  1  .  *  *  ,  7  .  ^  ♦  1  ^ 

Kii|wfl's  tlr«|w»  |».  »|,r*  ^‘^'>  h  fjAv.  I  iMi‘4  ^  <  '.  ’ 

Brittleness  ?'•  ili’fnt  iH  IH.iI’A  *  s  .ij,  «s‘'jU  ’i'  4  *  tjiliifi 

thent  rjilrt’iiH'lv  ‘  tiy  uii  4.f4Hii  /!?4  .  i»;.<  .77r  /..j.k 

It*  lllr*  r«<*hll4  * ♦  f»«<^  '4*1^,  ll  ?'  '  .// iw  *1  <1*  ,<*  *  71  7  .  *i 

Till  Chemtctl  Pmperlirs  cif  Glass.  ^  \  .  :*  n  *4  iIm 

ttH'liitral!|  ittliahir  i*4  ili^'ii  7^4  i  !iii.i  \| 

thf  satiii*  tiiiit%  III!  t’l  t  fiii$|flrlr4  fr  ,1  ,!  ...  il  i.n  !  iliii,^ 

place  cli’jM  ihIiiii*  nil  liir  trAfrnl  tH%%h^l  ’S-*  J**  ♦  !f4ii».  44^111  .i| 

the  gl;a<»  ami  mlirlli«i  il  a  isi  a  -!*t"  (4  ,  i  ‘  es.*  •  •»  ,4‘m^  ** 

cipcmHt. 

Ill  till  i  I  iiiiiir  Ill'll,  %ri%  »ii  f 'I  i-"  ^f'Ur  "i  %  ^  *  !  ‘  •- i  ^  *  .  %  h  >  \  \ 

i  *  itt^ir  ir*4  >l4fil  s  ^  'ti  44»  A  sh*  '  »-*  »*  *  «'  '  "’•  ’•  <  4',  7  i  i 

wAin  Ip  J i*e.  tsb » #r i  4  1  ti-  ^  .  .  ”  •  *  ,  ^ .  1  ■;  .  -1  V  ,  ^  '  ‘ fc'’^  » 4 ,  t  1 

air  till  4»il*ililr  h  ttliriiii44J  p'ii|i  a.  t  *  ^  ^  *ir  %  ,  •  %|4H| 

rxtflirfil  opli«  at  I’h  rf  4 ’i.ifiu  4  t’-s*!  »ifi  a  *.  ^  <  ,  4‘  *  ,  ..  ;f  ,  1 . 

rtiytlriiHiiiij  till  thrill  T*  1  ♦  %il.*  n  »f  <  ff  i  »  4I  »  ’  Aii«l  4fr* 

ihrirhirr  »*l  'i|irii4l  i.tl*^**  1 ‘i  ‘  4111*  '‘4  ^  .  *  as  »  ^  a  ,  H  ^f| 

f|ri'*t||||i.r4li|;  III.  4  #4  «Sr..l  I  .  ^  '  1  A?1  -I-  4  «  1  .!  <-  r  '  »  .  n  ^  n  4  M  t,  ift/f 

Ira^f*  a  4  ah  iiiiti  m  Iri4  «  »4!..  a»^  n  I.**  >  at  s  Sisn?  1^  |  4  ^ 

'aalri  it  i1*imhi|iii4I%  tljr«**|  I'U.  4*  4  iii.mi.-  m  ,,  r  4.  *  ,  .  '  i<  u>.f’  Aft 

h*«i«li  |« la  atr  iiii^,  t  ntti|  4i  ^Ui  ^  4  ^  4 

t»l  wain  irailily  r^pUiiir  I  thr  «  a..  1  {,  *%»i  4  j  s  »4  ,  %  #■  1  |<  / 

but  llir  ralriiiiti  |*i4ti|n  briii|»  iiiiwfi,  !  <  n  ^  ^  >  \t  ?  '  /  »  .  .  ^  ^ 

Strong  acids  lu%r  lillle  m  im  4|y»iri.i  4  4^  n  >1,  <^4  4. <-.4  iiisin  :li 

HtHite  nplira!  aiitl  iillir!  ijlt  wi  ssi  li  i«  ilk.iL  .it.  t",i  ,  i!  t<  1  I  hr  muH  1  %i  *  p 
tbn  to  thi*.  ifi  liytlfiilltitirit^  auil*  whiili  tiiiii.-f  ili^  -.44  r.  f.aui  4  mlaiitr  vihi  nn 
fliitiriilr,  iitirl  hriitif*  ahniil  a  th  *  ^  iii|»m%iIa.  1,'  441  hr..  lli.-tiH  hi4t 

l|lah%eii  aie  lev*  aiiarknl  li|  ililiilr  ,11  iih  iluin  i  i4S^%  m  .1 ,  Si4  ►  *4ii| 

true,  hfiwrvtr,  if  ilir  I**e4iilv  nl  itmekvi  r*  thi*  v*  iii  *  ,  4ij«I  iimi  14 

those  of  till?  KgCf  grttiifi, 

Alkaline  solutions  alljek  41111^'  7*’.  tlivir  ?S4i\  »4t<4  *4  .uuUi 

ah  they  tlkfilaei*  vutlrof  ttir  iir-ait'i  h4vv,  iii4  tr^  lyiii 

simpler  fiilieaieh, 

Atinoftphcric  isiflucnccs  tbiir  an  iiiip?4!44f  i*4»47f%  404  iMmn 

glaHHCh  llfitehs  hpreb!  rate  m  uh^t  Iti  pfittfsHr  a  •  iMa  n-nlly  |r  4‘.l4l4  I  lie 

most  {ttitiml  fiirltir  ih  Itir  jiriitin  «if  rttmlrii-iril  iitvi'ifiin  <4^  !iir  fmi  ihr  ^4 
»oapi  riintamitig  alkali  for  ilrasi»i|i  liir  ahrii  s,  4*^^  nii-viniia  01  ih 

dcterloraltiim 

Ttir  pirchr  ttilittriirp  «tl  llir  iliijii’phnr  *444  4  ^4#-.*.  »r#^  i*i4  4?  ^  4r\  i  sin,.-  |i  s 

ttMIltli)  a»*  Mi||tfr*4ff|  l*¥  \||||tn/  bf  4  ,  .JfVhan  .  h  f  4-  .4  |44.*  !.>  4v 

aclifrti  fit  wain  f#»i  4  mimw  4is»l  li^ii  it  ,4^  ^  >t  4i4.  ^ 

The  ifilriHiiy  ni  ilir  inl  ilrfttnii  |*ff»lti»  n|  |*|'  «|i  4i  '’J’-i  ii^r  j  s-  r  4  Ai  *1  ^  1 ,  i  ev  .  <  1  Ml 

tif  tlir  ^iitUiliiai  1*1  r»rtti|iitr«t  willi  iImi  14*4114  ra  .  i  *i«4ee4>  •?  4  Isi  1*1 

flMlIiiifl  riiii*v4t  ill  «lrlritlii«Sltg  llir  I  i«i  nf  wrig|4  %rtifira  il  r  gU'.j  I  ^4 

with  N/l  jirhl,  ami 4fii*fil>i  ttmiilirr  maffrit  111^*14^ *4 i|rirt#«>i  ^ ,  f  4..' 

«tl  F«r%lrf  hrtiiitl  itmt  3«  g*  t#  |rsw«lr4  i#i4ii  ^iil»  |i  ih*'  l4v%!  e»f t4»  Irs  ^ 

iKiilifl  wlili  70  e.r.  Wiitrr  fi#i  (nt*  lmm%  l#fti  tir 
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6Na./).6CaO,  ?6Si().  .  „  .  ,  . 

9Na.4().3(:a(X36SiO.;  ,  ,  .  .  . 

io.5N’u,](>.  i.5CM).36Si0.4 
6Na./).6(  aC  ).3uSi()M  (Klioin.sli  window  glass) 
5Naa().o.5Ky().HCaC ).3.5MgC).34Si(\,  (|.^reen  wind«>w  glass) 
o.5Na.X).3, 5K.j<).3<'a<  ).34Sic  L  (Bohemian  chevalier  glass) 
4Na./),  K.j(  ).C'a0.34SiOn  (defective  Thuringian  glass) 
6Ky0.6rh( ). 36810.4  (lead  glass  from  KhrenfeUl) 
7Nay0.4('aO.3ZnC).36(Hi().j  1  IU);t)  (Jena  thm-mometei  glass) 


7.4  mg. 
42.4  ,, 

507.6  ,, 

8.4  M 

6.5 

10.  i  t, 
<)t.4 

H.S 

6.4  ,, 


THK  RAW  MATERIALS  USED  FOR  GLASS-MAKING 

A.s  will  have  been  understood  from  the  foregoing  remarks  on  the  eompo.sition 
anti  general  properties  of  glasses,  the  raw  mati'rials  art*  essi'ntially  of  two  kinds: 
{(i)  .substanees  of  an  aeid  nature  such  us  silit'a  and  btirit'  atad,  and  {/>)  substance.s 
of  an  alkaline  or  basic  nalurt*  such  as  soda,  potash,  limt*,  nuigtu'sia,  baryta,  /inc' 
o\idt%  lead  tixidt*,  cU\  Sonu*  glasses  also  contain  otltt‘r  malt'rials,  tlu‘  beltaviour  of 
whiclt  it  is  less  t*asy  to  dtdint*,  studi  as  alumina  aiul  oxide  ot  iron,  both  of  which 
attach  theitistdvcs  to  the*  gla.s.s  moletaile,  but  in  a  different  po.sition  to  thu.se 
occupied  by  the  substances  previously  mentioned  (see  the  formula!  on  p.  2 38). 
\htrious  decolorising  and  opacifying  agents  art*  also  addtnl  wlien  dt’sired. 

tdiisses  ate  eiisentialiy  salts  of  complex  Milicit:  acitb,  the  romhimuioti  of  the  la-id  and  hiiHc 
tu'cutristg  only  at  a  temperature!  of  i,3ocr  i\  or  above.  At  this  tt  ttipersilure,  Itowcvct,  luatiy  tuher 
arid^  comlniietl  with  huch  iilkalii  and  liases  m  %m\ii  ami  liitte  are  dccompoicd,  »o  that  a  h  uoMHihlc, 
ill  thf!  maimfacturi*  of  glass,  to  use  the  cheaper  saUn  of  the  idkaliH  and  l«iseH  rathet  than  tor  hpa*s 
themselves,  'rims  chalk  or  limcHtooe  are  both  decom|m«rd  at  a  teoijirrijturr  <il  ahoot  7110’'  ioto 
free  lime,  and  m  chalk  ami  Umesteme  arc  much  dumper  thim  quh^klimr  Piry^  arc  used  by  the 
glass- iiuikcr  as  a  source  of  the  latter  material.  Huh  fact  must  be  Iimuic  in  tuiml  in  coii\hlcring  tlu* 
raw  materials  employed. 

Silica  is  used  in  the  form  of  sand,  the  purest  available  sands  tH‘ing  used  for 
the  iHdttT  <|ualities  of  glass,  and  somcwliat  less  purer  sands  for  the  clieapt*r  bottle 

glasses, 

The  piireHl  Kugliih  mneb*  are  obtiduecl  from  faneaxhire,  liedfotdshhe  and  King’H  Lynn  ;  the 
dumper  mmls  may  In?  uied  frtim  the  loraltty  in  which  the  works  are  Htiuittrd,  llie  Frendi  ghm< 
makers  «!ie  I'ontaincbkmu  »t«d,  which  contiiiw  99,98  per  cent,  of  Mllini  j  the  best  Kriglidi  mt\m  itrr 
ilightly  inferior  to  thii,  but  idecicd  pardoiw  reach  lluii  very  high  standartb  hi  Ilohrmla*  rrtwhetl 
cpmrt/,  IS  uwd. 

It  k  very  imptirtant  that  the  sand  should  lie  xufticiently  pure,  4?ven  a  iiinall  proportion  of 
some  ingredienli  will  prevent  good  gki«  Ireing  made  from  it.  Thus  for  sheet  i*hm  for  windows 
not  more  than  |  per  cent,  ferric  oxhk  k  |M?rmlwlhk*,  and  for  coitrte  Imtile  ghm  2  |«*r  cent,  or  more 
will  «lo  no  harm,  but  for  the  fment  white  cryital^and  plate  gliismm  the  iron  in  the  siind  ought  not 
to  exceed  o.  1  |»er  cent. 

Soda  is  usually  employed  in  the  form  of  sodium  sulphate,  a  little  carbon 
being  mixed  with  it  to  facilitate  the  reduction  of  the  sylpltate,  except  in  tlie  case 
of  k.iid  or  flint  glass. 

Sodium  carbonate  h  ctiunUy  satisfactory  for  dm  purpose  but  k  more  ceistly,  tlumph  the  wise 
gkiHiunakct  keeps  a  sharp  lookontl  on  the  relative  prices  of  these  two  forms  of  .h«hIu.  Sodium 
mtlphiUe  requires  a  higher  temperature  than  the  carbonate  befoir  it  begins  to  react  with  the  dliciu 
ami  more  «if  it  is  reiptired  (aliout  seven  parts  of  dm  «ulpluitt*  are  erpnvideni  to  five  parl%  of  the 
earlionaie),  %o  that  it  is  only  wlien  the  lulphate  it  Jess  than  half  the  price  of  the  carlKumle  that  its 
use  h  prohtiilile.  Tlie  sulphate  and  caibonale  radicles jday  no  part  in  the  manufaeiiue  of  the  gltMH, 
as  it  is  only  the  metallic  radicle  which  ii  tm|mrtimt,  Common  salt  (todinm  chloride)  eaiimit  he 
used  on  account  of  its  great  volatility  whsdi  makcH  it  commercially  loo  exjHmdve :  tuherwise  if 
reacts  with  silica  quite  m  effectively  ns  the  other  sotlium  compoumk  just  mentioned, 

StKlium  sulphate  should  never  be  used  in  higidy  coloured  glasst*!i  as  these  rerfuirc* 
a  larger  proportion  of  colouring  agent  than  when  Hoditim  carbonate  is  used. 

Potash  is^used  in  the  form  of  potassiufn  carbonate,  as  this  is  tlie  chixipesi 
and  most  available  form.  In  lead  glasses  (flint  glasses)  and  in  some*  coloured 
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ones  where  an  cmkliiil  s.-nie  '4  r  %^fii  ^  1  nitre 

(potassium  iiiiralek  tail  llie*  ti'>^  r%pt  li  ’// 

Substitutes  for  nitre  l!i%r  4n,.^i.r<*  -  •<.'..  s.- ^  ^ -  I  * 

barium  peroxide  (w  p.  |>otAssiiifii  itilwialr  v  i^tiiiltnAir 

Lime,  as  alrtvuh  iiii  iiiaim’4,  : .  n.itl  -i  '  itiiie 

stone  or  chalkli  hiu  ihr  hydrate  1.  h*-  ^  ^  •' 

It  K  imp’fOwi  l*»  *4^^  111  si./*  « ^  '  1^.  >  ^  i  .  Jt  I  .  , 

the  vbcoMiy  »f  ihr  I’U »'«.  *«i‘t  }!  '*1.  ^  ^  ;  i’’  ^  '>  ‘y’  -  - 

tiHftl.  iHiring  ihr  hr.Uiii,:  *  f  itr  r.%  U  ’  ''  -i  ■•'  ^  o»vs  '  */,  ,* 

the  latlrr  whirli  alliielj  ihf  1  ^  «  ' 

Limr  (and  its  1  umpmiiilHi  i*.  llir  iii*ri  tr<  ^ » !»!a  n  n  .  ^  4  ,\  %  ,i.h! 

is  respcinsihle  for  a  larfa*  pf*»|iiiii;»t»  i4  v*  10  .■  .  i!  v  uiw* 


Magnesia  h  t^ol  4  rniiitiiirtl  ^  Hir4t!u^‘ut  -l  ,  !a  t  ^  ?  t  :  .1  .  .ir.o.* 

a.H  an  impiirily,  Wtirii  iHifpowli  diUU:A  ii  1*0:  n  '!.>  4nu>  ^4 

calcined  magnesia* 

Ifi  Ftrirli  Iit41»«tt  iiiir,  y  r*,  a  ^  ^  ,  «  ’  * 

not  Mtlllfll  |llll|ltrr|%’,  l4!t  I*  'hw  l  '>  *  '  r  ^  h  '  ,  .  .  "  1  ^  .  .  .*  I 

rideitrriiii'i  %{**nr.  \|<»iiiir'iit  O  ).*«.,•'<*  ^  m  , 

ttW|wu»Uii«  lilt  «tii»li  %  III!  Ii  i*  ‘ i  ►  i*  ‘  I  !  .  ’  5  1. 

thdt  |»hu'.rs  f  *»iii  ii«tii|*  If  *tfr  »Ulf  < '.4  rai  -•  ’  i  -♦  *  *  •  ’  ^  4 

Ml  tiui  lbr%  thi  iio  **  f  h*a4  “  |  ^  r.  r,  %  ,/  ^  ^  ^  ' -.  , 

ihr  li'litlrili  *4  f;’ iv  '  .1  ^^fr4  F.  ^  ^  ?  ,  .  's 

|tt\t  iil«*iilMirii  4tr  ti«}i8,p  »i4iii.  ,4ii  .  4j  ‘  *i*'-i 

|«»*»M  rtrif  hi  /J*i  is#  'I «  nulMnm^^  ««  *''  •  -i 

Thr  lil.iftlir’*}  t  iii»ilri  r  ,a  ^  ,i  /  *  .  '  ‘  ‘ 

l»«l  if  llir  liwir  t'^  filitirli  irphu''^  *  i  r  .i  *  ^  ^/*.*,  i .  *  ?  *..  ? '  /  I 

try*4iilli  *ill*»ll  llwt  It  ilrllltair.  \t-  *  n  i  Is  ’  *  #  •  *'».>  .4  .  i  •- 

Zinc  oxide  way  hr  If-^nl  l<»  I^pltir  ^  1/  .  '  I  .  .  ^  o  ,4 

the  ida^s  molrr llir  II  wifia^r^  thr  i.  If^i  h  .  i  4, ,  .  4  ’  ^  fU  .4 

mti<1i  m  luiil  «»r  liat>i.i  /ifi»  Mii#!'.-  .4,4  *  ,  r  *'t  .  .,,,4 

uxiwisioiu  gr«‘;tl  ait am!  %'♦  11  ws  .ir*^  j  .  o  ,  .,f,  ^  . 

ilH  a  t*oiv4illii  lit  Ilf  lihtif  ilfirv  /I  r.  isifl  ks  1*4  4#^'  p  i:  *  *4*  *  -  ",  m 

largo  propf«ftiim%  a'l /iiii  41,1.4.  thiiirJi.  .nih  i/r- 4*  1/^  * 

III  lIltH  iMlttiri  Itnii  il  ri  4tllfirv!<N|:  l  *  l.  1  I  r  a.  4‘,r  ^  *  P  4  t  >  -  /  **  '.  » 

line  id  lip*  fiA  4r  4  tllfilti  -  nf  I  I*i?h5  «l|_  Mif  ^r4<,/j|.ii|  l^tiP  ,  r/  P  1  t  *,  r  * 

Kilif  triiil  1  !i*  |ift4.liii  44  >  k»fi  f  1  .  *  /  '-f  ^  1 ;  *  #  t  -  *  ♦  4  , 

hr  lir«li*iii'«ri|  lt|'  »t  Miirfil  pt♦s‘J  ^dU-  u  s‘»  i#i  a  J/ 

Tlir  |irPHrifi r  t4  .iiltf  #44  Ir  4  gk' .  r  i.,i  4  ^  pp  i 

fllltlllri  It  ijor^i  %liAf|3rf  *«!!  iiir*^  ri  I?  4  ,t£  *1  <  >  .1  1  P  tt  |'  ^ 

limr,  liti^cirt,  il  1% rhii Ih  I '  iilsr^ 4  .  <  0  ia!  h  «,  ##4;  »»  a  i  i  ,  i  i  1  .'*r. 

B^inm  oxide  oi  baryta  t'*  Mur4  hi  i>r-  ^  4-?  .1  or 

tliclal  il  rtiliyillA,  aiiii  in  ti4nrs|i|iilrr  id  !|H’.  It  p,/ii  %  ih  t  Op  .^*4  Iir.o-  ^  1 

in  whit  It  it  fit  t'tw«.  It  raipp  itir  «irli?if  *  jw^io  -  r  itOrl  i  pp'  po* 

Wiii  IIOHl^itl  ftil  ihf  I  iif|||l|i4iri  initl'.  *4  fMi%,  h?i|  it  ,oL  4,4';'  4  Ip  '.p  . 

onti. 

Baryta  W4H  fii%t  ii^ni  mi  |.jirr<  iiiHiiiiin  m  iipM|  |tML>4  up,  1  vr  o  i-  p.u 

recently  lliiit  il^  iiiliiatiir  i|ii;iliiir*  ||,iir  h  u  v  I  li  .  »o  t& 

hollow  Wiirr,  rry^liil  1,10%  ^jirt  i#tl  ,  ,iiii|  i.ft  ,  hr,  I  *4  r  Li*!  i  »t 

it  miifrr^  just  ifiosr  i|iia!iliip  %liii  ti  ari'  llfir*!  4«t|  fjg  t|  ffp*  p  I  r 

[1*111  of  ifii  Iciiclf  i*’tit  piiti  ti  r*  tp  4 

not|  *lt  prrstlll,  lirril  tiiCii  iiiiir  1f,r  i  h|i  f  ifi.i^lrlt  k  M4r  ^4  4,  .i  lU 

li‘mli*iit*y  to  flrvitiify  in  llir  alnfitr  iin  >^u4  f  ^  i4r  Soitw.ii  nf 

the  iiiiilirn  gliiss. 

It  tti  rtii|ih»y  piropii#!ra  buftmil  #$  1'^  f  IlfifA’.iT;  f 

ili  lhl‘%lll|lhi.t€  Iflltllff*!  fill  ftlll  Ifsili  *%  ^Ii4.i||  5,  A  .4  %rv%%},iv  ii  f  |l•|f||#‘|1I  ,|f  h| 

re«lk»fi,  ihr  citlp.ii»ir  iiitl  "ttllpiiilfi*  t|i4%r  4(!||  »|ri  4  is-s,!,* ,  #'?,%*)  4/  it,'  t’^r 

wide.  Itt  ItiiltI  l|«r  4^g|  .J,p,4v  *fi.  tfi*  i>  r  ff  ti,  ^  I  I4  !•  ir  ’'/•?  I  Ii  ^  * 

Iwt  not  gllili. 
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Lead  oxide  is  nju*  uf  tlie  constituents  of  flint  glasses.  Several  oxides 
aiul  carbonate's  of  lead  exist,  but  the  one'  generally  usvd  by  glass-nuikers  is  red  lead, 

rh,(),. 

h  is  nltrii  ct»al4miniUcHl  with  lirirk  <IuhI  uiul  other  sulullerunts  lual  shouh!  tn*  tested  hefoie  use. 

I  A’lid  ^foiupounds  4rr  easily  retluretl*  and  in  the  nmnulketure  t»f  Hint  glass  it  is  necessary  to  luand 
redneing  etuidiuons  in  the  tisrnaec.  For  this  teason  the  atldition  of  oxidsuits  (such  as  nitre,  p.  24K} 
h  ysual.  i^rad  |‘Jassesi  are  iinptoved  hy  eliilling  in  water  and  rennelting  (dragading'),  as  the 
adtlilituii:il  heating  converts  llirm  into  jnoie  stable  ones,  |Kissihly  isomeric  with  those  |uodueed  in 
lli«’  iio4  healing. 

Barium  peroxide  {baO.9  has  provetl  to  be  a  very  satisfactory  substitute  for 
nitre.  It  has  the  advanliigr  of  evolving  oxygen  at  a  higher  temperature  than  nitre. 

C  hving  i<»  the  higlt^  atomic  weiglit  ttf  Imrium,  harium  peroxide  should  he  list'd  for 
fach  part  tif  nitre  if  replares. 

Boracic  or  Boric  Acid.  Hu*  tdiief  chameteristies  td*  horaeit'  arid  art*  similar 
to  ihosf  of  silit'tg  but  the  glass  proilueed  is  mutdi  more  fusihk'  than  a  pure  silit'ate 

glass. 

Like  •■idica,  iHif.ifie  mid  at  *i  led  liral  lihrntlrs  limr  fmtn  c.ilrimn  lulphulr  and  displaces  iUlui’ 
■.iioiig  acids.  |i«»rarir  uci«l  IS  rvrii  sUniig«*i  limn  silica  in  this  irspect,  unti  so  is  a  valuable  refming 
agent.  Fy  pOHliiciiio  a  imnc  fiisihir  glass,  luirmic  acid  ahai  faeiliiatrs  the  **  choring  of  the  niohen 
glass.  Ill  rhirl  disativ.iiilagr  is  lliat  it  is  vohiiik  iti  the  prrsenee  of  simm  anti  shoukl  thereft>re  he 
adtlrd  after  all  ihr  mitihiiird  water  has  hern  driven  from  the  glass  mixture,  the  horacie  ucitl  being 
added  in  a  fahiiieil  state.  Anolhrt  dkailviiniiitfe  K  the  avidity  with  which  borate  glasses  attack  the 
p*»is  •*!  uiiiks  III  whirti  file  glavs  is  |uiHititing  a  turhitfor  seerly  |p,  260)  glass. 

Alitit»ii|*li  horacie  ttciil  iii  iiiiitiy  ways  irlmves  rxiietly  like  dlicit.  oeenpying  the  same  |it»Hition 
Hi  liif*  |»ktMi  mnlrrtile  iitid  even  ftiimiim  Imrk^  lifigs  it  can  jirmiuce  un  increase  in  ImrtlncHs  and 
nsihiltly  siinikif  to  ihr  rffni  ofitlkitlts :  this  }%  merely  .1  roimidenee. 

l*lir  low  iiirlting  point  of  borutc  ghiHscH  k  nf  gnxit  valiu*  in  the  produt'tion  tif 
glu/ixs,  ftiHililc  coltnirH  and  cuaunds. 

HcIioii’h  boro  flint  fiptic'al  gla.is,  S7,  ctimpohcd  of  u  per  t'cnt.  alumina,  32  per 
rent,  lead  ami  5k  per  cent,  bftric  oxidt*,  contains  no  alkali,  lime,  or  .silit'a  thrt'c 
«^iilwUtm*cx  generally  romiidrrtal  to  be  essential  cortsttUtents  cjf  glass  and  slum’s 
that  ihf  biirali*  glasses  arc  in  icveral  respects  t|uile  different  from  the?  silicate  glasscH. 

iifid  is  timl  in  h»iii  foriiis  ;  fa|  iis  |itir«eir  arid,  H;,ll(k|,  (i^)  iw  Imiuc  anhvdnde,  11,/ (see 
\oL  l.,  j»  c  I  in  riysliilliiir  hooix  ot  smlitim  Imiate/  SH/l,  t»r  NiCjIhCk  itml 

I  /|  r»4iciiiPil  biniM,  wliidi  iiiity  be  in  the  form  of  a  ftowder  or  m  friigments  of  “  biriix 

gb Fiiiti  of  fliric  for  ms  k  ri|ii*illy  iivetwl  tbimgh  they  rontaiii  widely  «lifferent  pro|Kirilons  <»f 
hi»t4cte  m  s«L  raititfil  hr  In  gli.s^f*s  whhds  me  to  hr  free  from  Hotht, 

llirie  m  iiiiii'ti  amimn^writrm  <111  ghm  iimking  with  rei|wi  tit  thriti*  fmmi  of  horaric 

m  III  attfl  great  ritrit  fwi^i  W  exerrhwl  in  iiiiiiylng  their  wcaks.  1‘hiiH,  it  is  not  immmmcm  to  see 
liiimrif  and  iirrseriliril  wh#ii  k  ttiraiil,  awl  viri!  The  water  ptr.enl  also  varies  greatly 

4111I,  d',  thk  k  iff  no  tisr  In  the  mitiitiftielitfe  til  the  ghws,  it  h»  imiwntant  to  have  the  iKiracic  weitl  or 
boiix  tested  twftiie  iwe. 

Ill  sfiiall  |iro|itiriiofii,  Imriirle  ackl  inereiiies  ihr  refractive  iiiflex  of  glass,  tlmugli  it  is  much  more 
fertile  in  ilik  res|iecl  than  kiitl  tixldr.  Hence  Imracie  arhl  <ir  hiirnx  equivalent  to  /oo/eth  of  the 
wriglil  t»f  sittil  iwrti  in  the  glaw  mixture  will  a|i|irec*iiihly  ineretw  the  ghm  and  lustre  of  the  glass, 
litil  li  k  fi«l  twed  for  llic  best  liolhiw-ware  or  crysliil  glitsH,  a«  it  iin|itrtii  a  slightly  yellow  tinge. 
AImvp  an  |it*r  eeiil  tiriraeie  iiriti  lowers  the  refrarlive  index.  Contrary  tojuUasli,  scwla,  and  fluorine, 
llir  liliic  port  Ion  of  llir  s|reirimi  l«  rrdwml  in  glasses  containing  ImuiiHc  imick  Lt-nnes  made  of  a 
riittiliiiiifitin  td  bonellint  aiifl  of  phiwplitecrown  glaises  are  exeeptiomdly  ftchronmlie, 

Iloiilc  glassrs  have  a  low  corfftcieiit  <*f  ex|«ri%l«m  and  sti  Imve  a  high  thermal  endurance*  and 
me  very  siiiiahir  for  ware  siihjeel  to  swidrn  eliangcs  in  tem|irriilure  such  as  lamp  chimw*yH  and 
orfiiiiiiriiliil  |» kisses  decorated  by  fiisiiig  teveml  glasses  on  each  other. 

Horacie  arid  ak«  reHrmtiles  tilicii  in  reducing  tlie  tendency  of  11  glans  t<»  tlrvlirify, 

I  daises  wlrirli  t'liiiiain  free  liortiefc  arid,  or  in  wdileh  ihk  »  the  only  acid  amsiituent,  are  attacked 
by  wafer,  so  that  a  hi^li  |tro|^irilofi  of  kiracie  arid  is  recognised  as  ii  diaird vantage.  Home  btirate 
ginisrs  are  litglily  feiisiufii  to  iiir,  wiiier  and  trids,  but  are  strongly  attacked  by  idkitlii,  Thui,  a 
femt  Cicfiite  glii«  wilfi  1 5  luu  cctil.  I«uacic  arid  11  »|.if,*fiidly  reswisint  to  Mwklen  dmngeH  *4  tempera* 
iiifr,  tnd  10  fhrifiictk,  tod  jmii  liitiip  cliltitney  glass  with  24  per  rent,  k  exceptioniilly  reMistsint  to 
siiihlrfi  diaiiges  ill  temficratitre, 

lloradi’ Will  Iti  roloiireii  glitssrs  prodiiiTs  brighter  and  mi^re  uniform  eoltmrs. 

^  Tbr  lifiil  formula  h  ibal  «if  «iciahr*fiftl  borax,  which  m  formed  when  a  MU|>ri  sat  mated  solution 
tif  kirax  h  eva|«mii«ii  slowly.  Cfiiiitiierrkl  kiraic  is  chiefly  romiiosed  tif  Na.|!i4<b.  itdl/  k 
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TKCUXU'AL  CLASSIFICATION  OF  CLASSES 

llic  gluHSfs  ut  c'llifi  iiu|Hirl;uu'r  may  ctawt*ni<‘ntly  be  elassifuai  as  follows  : 

L  Crown  glasses,^  roiiiposecl  tjf  sotliu  liiae  aiul  saiul^  hut  with  a  (Huupositiou 
varyiui*  arcamliiii;  U}  the  uxitlrs  wlhrli  are  ustal  to  replaee  thtwe  nuaitioncal.  Thus 
pcUa.sli  luay  O’plai'e  the  soda  in  whoh*  or  in  part,  attd  l^arytu  nray  rt'[>latH*  a  pdrtioit 
of  the  lime.  (‘it>\vn  tdasses  are  ustal  tor  a  variety  of  purposes,  anvh  ^ihiially  for 
sheet  glass,  plate  glans,  and  fur  optic'al  wcu*k.  ^ 

IL  Bohemian  g'lasscs,  eomposed  of  ptnash,  lime  and  nAiich  cir  tpiart/,  used 
iiiietly  for  httllfiw  ware. 

HI.  Flint  glasses  or  lead  g'lasses,  eomptrsed  of  pot.^sli,  red,  iLui 
itsiai  for  httllow  wale,  holtleH  of  superior  quality,  and  tor  cguieal  /i'hese 

gb^se%  aie  known  iit  !*‘ranef‘  as  cristal  "  /" 

Wlirir  -Htitd  u|  piiiiiv  ilillii  nil  In  eru  >luHi  tn-  fair  iiio\  Ih'  iihuI 

llr4ritii*  hill  ■^Ill'll  uU-i-rt’-i  niigtit  nol  to  hr  limuii  4%  tiiill  ^|ji^4  '  - 

IV.  Bottle  glasses,  usually  eompti^d'^  soila/)imr,  ahnnina  and  sand,  the 
taller  tiring  less  pure  for  the  c'oniinonris^yttlX.  ^ 

rtir  .ilililliiw  i'i  ,rlilfilii  .alilrtl  tOrful  djr  hUhI  rm|>lo\rd. 

^  V.  ^  Boro  Silicate  crown  ivstintde glasses,  hut  part  of  the 

siiiea  is  replin^eil  by  liorit!  aeitl,  so  as  to  rorifer  ^^Tial  properties,  Husse  glasses 
are  etiietly  lined  tor  opiicail  purposes,  laboratory  wsur,  aiul  for  ihermoiuelers. 

Vi.  Boro  silicate  flint  glasses  resemble  flint  glasses,  hut  part  of  the  siiiea 
t?4  repliieetl  by  borii  atad,  l*hese  glasst's  are  c’luetly  used  for  optieal  ma>rk, 
eiiaiiitdling,  and  fot  arlificaal  gems. 

VH.  Phosphate  glasses  may  !»e  of  either  the  erown  or  flint  lyp«*  in  whiiii 
pail  of  the  siiiea  Inis  be«ii  leplaied  by  pbospliorie  aeiiL  1‘hey  are  useil  almost 
r\tiiisi\rly  for  opiiral  purposes, 

\Tn.  Silica-free  glasses  are  those  in  wdiirh  the  whole  of  tlie  silnai  is 
tepkrrd  by  tiorir  ur  ijtiimpliorif^  aeid.  They  are  mi  ecistly  as  only  to  be*  Hiiilabte 
lor  spreial  oplieitl  pur  poses, 

IX.  Water  glatt  mid  tilher  simple  silieiites  are  noi  usually  irieluded  among 
itit*  gliisseH,  as  itiey  lire  iiiwyitiible  for  the  leelinit*sd  purpoies  for  whicT  glanse^  arc* 
used.  For  Water  Glass,  ^c*e  p.  IJJ. 

X,  Opaqnc  and  coloured  glasses  am  tiutde  from  the  gliwses  mtaitionial 
iiliiwe  tiy  the  atidtiioii  of  opacifying  nr  mloiiring  agents  (see  also  p.  266), 

arr  aim*  iim»r«liiig  t«i  itit?  prire«?%  u-ned  in  tlirit  itiiimifiwHireta^wcirkiag  ;  line* 

blown  glati  h  lliitl  wtiirh  riiii  b*  dwuM?d  by  iW  grr^^iarr  uf  dii*  hiimaii  hmuli,  applirtl  l»y 
a  nr  putlil  i  pl*t«  fla»  h  lliitl'wlilrli  k  ri|wtilr  <>f  heitig  nilfisl  htUt  a  phuc  ur  djr«?t  ; 

ibttt  rl«ts  b  lliitl  wliirli  ritii  lirrt  hr  hlfiwn  inn*  cyliti<lrr«,  wtd  ih<»n  Ikllriirtl  iiu»»  a  Nhrrl  j  table 
fflaii"  i‘*  thiti  wliii'li  1%  q.»rrittlly  fitiiiiibir  (t»ii  iwuHiiit  nf  in.  briltmnry)  t«t  ihr  laaiailiumar  uf 
watf*  f««r  lahlr  lor, 

For  hollow  ware,  a  light  Him  gtash  is  generally  used  on  aca*oum  of  its  lustre 
aril!  lirilliiiiit  iippriiramm.  It  m  Munrlimrs  frailia  ohmred  by  flashing,  that  is  by 
giillierifig  II  little  glass  of  aiioltier  colour  on  tlie  outside  of  the  main  piece  of  glass, 
♦ifid  wofking  lilt?  two  togeifier. 

If  ftir  warr  iv  l*»  il  stum  |tla%lir  evrr  tuily  a  4u»tf  range  of  iritiprralinr  ;  shb 


*  Tlir  leriti  **  rrcitt^ii  ^fcUlrtly,  l»r  a|i|ilitnl  In  article’^  |tr*»diiwl  in  a 

ittaimrr  f|i»  itof,  Imt  it  also  litfijrly  asnl  si  iht?  statue  «l  a  lyfit*  «f  m  liuHrairti  in  die  irxt. 

III  frailipg  Cirritmit  lnKikitui  |(iiw  itiiwiiifactiire  fiititl  vtme  iraiHliiiititS's  *»f  ilirmi  is  r-.  iiii|M»n.tie 
lti  tlml  flic  Wiird  Tafelflm*  d  imt  ineiit  **  table  but  pliiie 
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attained  by  the  use  of  a  small  proportion  of  alkali,  or  by  using  a  mixture  of  soda  and  potash  instead 
of  one  of  them,  in  an  alkali-lime  (crown)  glass,  and  keeping  the  lime  as  low  as  possible. 


In  bottle  glass,  cheapness,  strength,  and  resistance  to  the  fluids  likely  to  be 
used  are  the  chief  desiderata,  and  they  are  usually  secured  by  the  employment  of 
glasses  low  in  alkali,  high  in  metals  of  the  RO  group,  and  with  alumina  up  to 
10  per  cent.  A  considerable  proportion  of  iron  is  no  objection  in  bottles  used  for 
many  purposes,  especially  as  it  provides  a  coloured  glass  without  extra  cost.  A  low 
alkali  content  is  specially  necessary  in  glasses  which  are  blown  mechanically. 

Glass  used  for  the  'manufacture  of  bottles  containing  fermented  liquors  must  be  resistant  to  the 
action  of  such  liquors  and  the  gases  produced"  during  fermentation.  Champagne  bottles  must  be 
very  strong  as  the  pressure  of  the  gas  produced  sometimes  reaches  five  atmospheres. 

Colour  being  of  minor  importance,  much  interest  is  taken  in  the  numerous  attempts  which  have 
been  made  to  use  the  slag  from  blast  furnaces  as  one  of  the  principal  ingredients  of  a  bottle  glass. 
By  placing  a  glass  tank,  heated  by  a  Siemen’s  regenerative  furnace,  close  to  the  blast* furnace,  and 
allowing  the  molten  slag  to  run  direct  into  this  tank,  more  than  half  the  material  necessary  for  the 
glass  is  obtained  in  a  molten  state.  The  addition  of  a  suitable  quantity  of  soda  and  sand  will 
produce  a  glass  of  a  quality  quite  good  enough  for  common  bottles,  and  a  few  works  are  using  this 
method  satisfactorily.  The  great  drawback  is  the  necessity  of  the  glass-blow’ers  being  sulDsidiary  to 
the  men  working  the  furnaces,  and  the  large  amount  of  slag  wasted,  because  the  glass  is  not  made 
and  used  as  fast  as  the  slag  is  produced.  There  is,  however,  room  for  further  work  in  this  direction 
as  a  good  means  of  disposing  of  blast-furnace  slag  in  a  hot  state  is  a  great  desideratum. 

Bead  glass  is  not  a  special  variety  of  glass,  though  it  is  stated  to  be  so  in 
some  books. 

The  glass  is  usually  a  crown  glass  to  which  a  little  alumina  has  been  added  (in  the  form  of 
impure  sand),  and  the  beads  are  made  by  drawing  tubes,  chopping  these  into  small  pieces,  and 
rounding  the  edges  by  placing  the  pieces  on  a  tray  and  heating  them  to  redness  in  a  furnace. 


MIXING  AND  PREPARING  THE  GLASS 

In  order  to  obtain  the  best  results  it  is  essential  that  the  composition  of  the 
mixture  or  batch  and  the  conditions  under  which  it  is  heated  shall  be  as  uniform 
as  possible. 

Glass  manufacturers  are,  therefore,  loth  to  change  either  their  furnaces  or  their  fuel,  and  adhere 
as  closely  as  possible  to  one  source  of  supply  for  each  of  their  raw  materials.  With  improved 
methods  of  analysis  and  of  testing  raw  materials,  it  is  now  possible  to  cheapen  the  cost  of  production 
by  providing  a  wider  range  of  ingredients ;  but  the  serious  results  which  may  follow  a  mistake  in 
the  proportions,  or  in  the  nature  of  any  of  the  materials  used,  are  sufficiently  important  to  prevent 
most  manufacturers  from  availing  themselves  of  the  best  scientific  information  on  the  subject.  This 
slowness,  whilst  quite  understandable,  is  none  the  less  regrettable,  for  the  French  and  German 
manufacturers  are  more  willing  to  avail  themselves  of  recent  investigations,  and  consequently  have 
been  able  to  produce  several  new  glasses  of  considerable  commercial  value. 

The  proportions  of  the  various  ingredients  cannot  be  determined  entirely  from 
the  composition  of  the  finished  glass,  owing  to  the  loss  of  material  in  the  form  of 
scum  (known  technically  as  sandiver  ^  or  glass  gall),  and  to  the  loss  of  alkali, 
etc.,  by  volatilisation.  Moreover,  the  yield  of  the  definite  compound  which  is  the 
essential  constituent  of  the  glass  is  not  perfect,  and  small,  but  varying,  proportions  of 
other  compounds  are  formed  and  included  in  the  material  of  the  glass.  The 
following  recipes  are  fairly  representative  of  the  glasses  mentioned,  but  it  must  be 
understood  that  each  glass- maker  has  his  own  recipes,  based  on  the  materials  and 
conditions  to  which  he  is  accustomed.  Moreover,  each  different  sand  requires 
some  modification  in  the  composition  of  the  batch,  so  that  recipes  can  only  be 
indicative  of  the  proportions  used,  and  can  seldom  be  followed  implicitly  : — 

Crown  Glass. — Sand,  100  parts;  chalk,  24  parts;  sodium  sulphate,  50  parts;  charcoal, 
4  parts  ;  cullet  (broken  glass),  200  parts. 


^  It  is  composed  almost  exclusively  of  calcium  and  sodium  sulphates,  with  about  one-tenth  their 
wdght  of  glass. 
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Window  Glass,*  S.uuU  clulk,  iS  putts;  vn!ium  Milphulo,  42  putiN;  culU*t,  uk> 

ur^riiii-  ufid,  1  puti  ;  iii.u'C«a!,  4  parts;  utaitg.iiifM*  ditiK5«U%  4  part, 

Plate  Glass,  S.uul,  u*tt  puri^;  litulk,  jti  part-*;  sudium  catUuiiatc,  42  putts;  ptiiussiiim  tsu’’ 
iHinatr*  ft  p.iit.;  rnllti,  um  putts;  tuuttganese  tltuvide,  .J,  pari  ;  nitie,  2  parts. 

Flint  Glass  or  Crystal.  Satul,  I«M»  putts;  pntUHsimii  carbonate,  44  parts;  red  leatl,  67  parts; 
inangaitrsf  dioxidr,  |  patl  ;  pniassium  nitrate,  7  putts;  eullet,  I CXi  parts. 

Baryta  Glass.  Suiai,  umj  putts;  stidiunt  rMtljonatr,  30  (uois;  barium  carinmate,  pu  paitn; 
rcil  lead,  |»*o{s. 

Bottle  Glass  iGreeni.  Sand,  oh.)  putts  *,  vudimn  sulplialt*,  48  parts;  chalk,  43  parts;  char- 

c'tial,  I  paitls;  maiii^inese  d|M\idr,  h  pat!  ;  eullet,  parts. 

Bottle  Glast  fBrowni.  S%t,nd,  too  parts;  Mulium  sulphate,  35  parts;  chalk,  34  parts; 
rtvcifiie,  to  part*;  i'ltatcr»al,  2  parti ;  ituut|,puieHe  dioxide,  H  putts  :  euUet,  50  parts. 

I'hi*  fyllinviii^  nripixs  were  |Hihli.sht*ti  iti  1915  l>y  the  Institute  of  ('hcniistry  as 
the  result  of  ati  iiivestigaticm,  nuule  under  the  auspic*cs  of  that  body,  inUt  the  best 
inethodH  of  prcHliieiiig  glasses  tti  (b’eat  Britain  to  rephua*  lltost*  hitherto  iinjHU'ted 
from  C  Germany  : 


1  1 

1 

2 

3 

4 

5 

n 

7 

s 

0 

10 

1 

Suiid 

i 

1 

} 

117.0 

07.0 

tiH.i 

uH.i 

6501 

fiS.o 

i  bS. 

5  ! 

7i.c» 

oH.o 

UH 

0 

Aliniiuiii 

1  II.  s 

H..I 

10.0 

(hi 

(hi 

do 

i.«) 

!  3. 

5  i 

moi 

4.0 

4 

0 

Soiliiiiis 

1  34*  i 

17.0 

5‘5 

^.5 

14,0 

... 

i  w. 

2  1 

I  U2 

iLo 

J6 

0 

<  Alidtiiii  ratlmmie 

.  1  II, b 

U.b 

13.5 

14.0 

14.J 

o.b 

0.6 

!  .. 

1  1.0 

uJ 

li 

H 

tairtiini  lltnififlr 

1 

l,fi 

1.0 

.  * . 

1  •' 

. . . 

Ikriwiii  rutbiiituic 

!  ,.5 

.  t  ! 

H.H 

H.H 

i  ' ' 

. , 

^btgiirxiii 

i  i 

a,^ 

, 

• 

1 

a 

I’olixxtiiiii  ititwic 

j  1  0 

4-3 

4.1 

4.0 

:  4.0 

1 

^  14.5  ^ 

lliirux  btidiydioiiHl 

'  ... 

iCi.n.H 

i  13. 

t) 

j.i 

Ikirk  iiiitHtlnib' 

i.u 

Hot 

5‘3 

^,5 

14.0 

1  4,  ^ 

i 

. . 

Antimoftv  lixulc 

. . . 

I4> 

t.o 

i 

Arxriiioti'4  iixulc 

... 

’  J.O 

1 

/iiii*  j  ,,,  .  '  ,  ...  ...  I  I  Ha> 

Piteisxilllll  Cilflttitllitr  I  ,  '  I  ..  ,  ,  j  ...  ...  ...  U).0 

^  i  .  *  I  ^  .  i 


I  IS  a  %ofi  idiW's,  mil  leatlily  wltiblr  tir  mxily  tlefilrifiiid,  mul  wvirki  well  la  the  hlowpifie. 

i  is  a  siifi  niiew  «if  hl^lm  t|iialiiy, 

4  b  a  glasx  xtitutlilr  for  iniriKwei ;  it  b  hl|flily  reHWtani  to  ehetttletd  tciimt, 

ii'iihxiafiih  rliaiigrM  «f  leifnitrattir**  writ,  aiitl  ificitild  be  it  very  •uttiifile  gkx«  lor  high  ehm  beakers, 
iluskx,  elf, 

4  iiiid  ^  riiisrly  tfsrtttlile  feiM  rtwilttixlitiii  Ulbili|p 

0  atifl  7  Atr  gbVixrx  fWt  iiimrfs*  Ltttip^^  and  witbrtiiiid  rapid  changes  in  trmperatute. 

li  Is  a  iiltwra  iflettilfat  In  ils  geiteiiti  bidiiiviour  with  Jena  resistiuife  gkis;  witliMtatiilH 
rititiigcxnf  iriiifiinaiiiie  «rll,  tiiii,  like  frim,  h  not  witablr  fur  working  tH*fore  the  blowpbt*.  It 
daikrio  aiid  teiitl  1 1*1  devittify  I  iurfalioiis  aieti,  for  inxtaiiee,  as  sealing  side  Udu's  into  niisks*- 
Mr  tiiliiriilf,  if  mid  iumi  jidnpi  are  retjuirerk  For  some  purposes,  No.  4  may  \m 

siibaiiiiiefl  as  it  woiki  well  ill  tlie  tilowpitii^  amt  isjiigbly  resistant  rhemieidly. 

0  t<  itfi  .tlirtii  iiive  iirkfutf  f*»r  eotnlHixtlon  tubing,  and  dm*H  not  become  ehuttly  so  rturclily  as 

Mti%»  4  liid  %, 

10  ami  II  ,ire  suit  ||lis%e%  xfireially  fiitiable  for  tubing  and  X-ray  Imlbx.  10  being  the  better 
«l  ilie  mbrii  iiswl  for  Xouy  tmtbs,  glvr^  a  blue  phosphoreseent  glow;  if  a  green  glow  m 

ilc'4frfl  4  liiilr  iiiingitiiexe  dioxide  shfuild  be  added  to  the  batch  mixture. 

It  H  wscHtial  that  all  the  materials  should  be  fmely  ground  before  weiglung. 
'I'liey  should  Ihj  weighed  as  accurately  as  (Ktssible,  and  then  mixed  by  means  of  a 
wiKKlen  shovel,  or  preferably,  in  a  mixing  matdiine,  so  as  to  secure  as  uniform  a 
prmiuct  as  p  tssible.  ‘Fhe  biiteh  or  mixture  is  then  placed  in  the  hot  pots  or  pans  in 
small  quantities  at  a  time  un’il  the  vessels  are  almost  full  of  molten  material.  'I  he 
actual  mehitig  usually  occupies  ten  to  twelve  hours,  but  depends  on  the  (piaiUity  to 


*  Wifidow  gk«  k  ttl«o  known  m  sheet  glass. 
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be  made  and  on  the  type  of  furnace  used.  There  is  a  large  evolution  of  gases  during 
this  operation,  and  these  form  a  froth  or  scum  which  must,  from  time  to  time,  be 
ladled  from  the  surface.  Fire-clay  rings  are  placed  on  top  of  the  molten  glass  or 
metal  when  open  pots  are  used,  these  rings  serving  to  collect  the  scum  or  gall,  and 
facilitating  the  operation  of  clearing  the  surface  of  the  glass. 

When  the  frothing  has  ceased  and  the  scum  has  been  removed,  the  glass  must 
be  refined  or  planed.  This  may  be. accomplished  in  various  ways:  one  consists 
in  throwing  in  potatoes  or  apples,  or  stirring  with  a  strip  of  green  wood  so  as  to 
effect  a  reduction  of  any  matter  which  may  be  removed  in  this  manner,  and  also  to 
produce  a  further  volume  of  gas  which  will  help  in  the  stirring  of  the  molten  glass.^ 
The  usual  method  of  planing,  however,  consists  in  stirring  the  glass  with  a  fire-clay 
cylinder  attached  to  a  long  iron  rod.  During  the  refining  process  it  is  necessary 
that  the  glass  should  be  very  intensely  heated,  so  that  it  is  very  fluid  and  mobile; 
its  temperature  sinks  gradually  during  the  stirring,  and  towards  the  end  of  the 
process  the  glass  is  quite  viscous.  The  glass-maker  draws  trials  or  test  portions 
from  the  furnace  and  examines  these ;  when  they  show  that  the  glass  is  clear  and 
can  readily  be  drawn  into  long  threads,  the  stirring  is  stopped,  and  the  glass  is 
allowed  to  cool  .still  further  until  it  is  sufficiently  viscous  for  use. 

If  one  “planing”  is  insufficient  it  must  be  repeated  as  often  as  may  be  necessary.  Three  such 


treatments  will  usually  suffice  if  the  glass  has  been  rapidly  melted,  and  is  sufficiently  fluid.  The 
use  of  a  recording  pyrometer  (Vol.  I.,  p.  68)  to  ascertain  the  temperature  of  the  glass  is  advantageous. 

It  is  generally  thought  that  the  stirring  of  the  glass  is  a  purely  mechanical  means  of  securing 
uniformity,  but  Zulkowski  has  carried  out  experiments  which  seem  to  show  that  the  intense  heating, 
followed  by  prolonged  stirring,  are  the  means  of  effecting  chemical  changes  within  the  molten  mass, 
and  that  without  this  treatment  the  substances  which  form  the  essential  constituents  of  the  glass  are 
not  produced. 

The  melting  of  optical  and  of  most  other  special  glasses  is  effected  in  closed 
pots,  the  stirring  of  which  is  difficult  and  sometimes  impossible.  Such  glasses  must 
therefore  be  broken  up,  and  the  cleanest  fragments  selected  and  remelted,  in  order 
to  obtain  the  best  results. 

The  vessels  in  which  glasses  are  melted  are  of  several  types.  Where  large  quantities  of  glass  are 
i^nufactured,  open  tanks  are  used,  but  for  special  glasses  or  those  which  require  to  be  kept  par- 
ticul^ly  clean,  pots  (Figs,  i  and  2)  are  employed.  Where  it  is  particularly  necessary  to  prevent 
portions  of  the  brickwork  from  the  top  of  the  furnace,  or  other  extraneous  matters,  from  falling  into 
the  glass,  the  pots  are  provided  with  tops,  and  the  glass  is  withdrawn  through  small  openings  at  the 
side.  Both  tanks  and  pots  are  made  of  fire-clay  of  the  best  quality.  They  require  great  skill  in  their 
manufacture,  especially  the  larger  ones,  which  hold  12-18  cwt.  of  glass.  They  must  be  annealed 
-carefully  before  use,  and  when  once  heated  they  must  never  be  allowed  to  become  quite  cold  again. 
With  careful  use  a  glass  pot  will  last  three  months  or  more,^  but  sometimes  a  pot  will  break  after 


^  In  some  works  the  potatoes  or  apples  are  inserted  on  the  pointed  end  of  an  iron  rod,  which  is 
then  used  to  stir  the  glass. 

^  When  special  skill  and  care  are  exercised  in  the  manufacture  and  use  of  glass  pots,  they  may 
last  a  year  or  more.  There  is  ample  scope  for  a  full  investigation  of  glass-house  pots  :  at  the  time 
of  writing  those  having  the  longest  “  life”  are  made  in  the  United  States. 
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iwo  Mr  titjfr  UM‘.  Sunu>  pots  havt  a  vetiica!  partitiiui,  sm  t}iat  the  \nuu  is  uuttmi.iiicully 

'I'ht*  list*  ill  flircHi,  viiiil  lirfc!  (’urna<‘fs  for  lusting  ihv  pots  or  tatiks  is  diminish 
ing,  as  gasdlriitg  is  nuax*  rc-onouiic'ul  and  tnoro  satisfac'tory.  Sovt‘ral  pots  arc 
usually  heatcti  siuutUaneously. 

I’riHlucrr  |t*i\  i.  umU,  aui!  ihr  main  fcmturt*  <»f  llie  futnacrs  is  the  nmphiymcnt  nfa  regcmenilnr  of 
thr  type  «kniM-il  hv  Simiirii’-.  |sfr  \‘nl.  I.»  |»p.  4J  ant!  54).  'rhis  tc‘gc‘iunutt»r  cnusists  t»f  a  series  af 
|WS‘4i|;rH  fillril  uilh  t:hec*kr«e«n»riekwijrk  thntugh  whieh  (a)  the  prtxluets  of  enmhusti<m  and  (/d  iVesh 
itir  itif  hiiniifiiJ  llir  hirl  pass  in  H|i|H»site  direeticius.  In  the  tegenerutor^  the  outgoing  gases  heat 
up  ojie  series  of  hfieknl  ehamirrs*  and,  hy  ehangitig  a  valve,  the  gases  are  tunual  into  another  set 
of  fhainhef*,  the  our*.  pirvioitNiy  liealed  hrmg  theti  usril  to  warm  the  ine<uning  air  retjuired  by  the 
ftiinaer.  By  iliis  mrair.  an  itiieirse  heat  is  olifainuhle  without  using  an  exorbitant  anuanit  c»f  fuel. 

I’oi  heatirig  small  «|i)anfilir'*  uf  iprrial  glasse**,  wt»nd  is  .superior  t<.>  c‘oal,  and  (or  inanv  years  was 
the  only  furl  teas!  in  gkiHH  makinp..  *rhr  impr»»vements  etleeted  in  gas-tired  furnac'es  duritig 
lertad  ytsirs,  laot*  nt»w,  liMWfvrr,  ii-'.iilted  in  ihe  diMise  of  wuod  rsrc'pt  in  a  very  few  instam'es. 

lu  n  ghpiH  lank  furiiai‘r  arraugct!  for  a  cotuinuous  supply  of  glass,  it  is  ttcta^ssttry 
lo  secure*:  ft.)  coiiipliic  and  rapid  fusion  of  the  glass  luixturr*  ;  (ii.)  a  suitahh*  ratt* 
of  rliargt*  and  discharge  ;  {hi,}  ihc  withdrawal  ot  llu*  luoltrtt  glass  before*  it  luis 


been  fivi^rlipiitecl  iiiitl  %u  btigtin  l«  devitrify.  The  chief  drawbacks  of  a  roiitimious 
liirriace  H  tlm  glaiisgall  firoduced  by  the  sodiimi  sulpliau*  ((ilaiibttr  salt),  wliicli 
IbiatH  lit!  Ilie  surhice  cif  the  iiiolten  glasHt  spoiling  it  anti  c'orroding  the  sides  of  the 
liiiik  very  rapidly.  Tanks  having  two  or  more  coniparinieiitH  arc  not  durable,  as 
Ihe  fiiiriilions  arc*  rapidly  tairroded. 

Kutetml  ittriiipfs  Intve  b-efi  made  in  feccm  years  lo  utilise  electric  furnaces  Air  glaHsmmking, 
wiili  a  fitlt  wiititifil  «if  iiicces*!.  Ilir  iwci  moiil  snecesshd  types  of  furimee  for  thiM  purpose  are  tlie 
¥mlkm  |Fig.  jh  arnl  ilir  Bteker  fFIg.  41,  ies|ireUvrly.  In  tmeh  ea»e  the  liafeh  mixture  flowi 
Immmii  mwn  of  rarhoits  wliirh  convey  tlir  elertrie  riirrent,  and  the  glass,  as  it  melts,  flows  into  a 
lower  rrrrfiliitir,  Hctiiiimiiig  k  avoided  hy  the  use  of  huffier.  For  hittle,  sheet,  and  plate  elasM 
llirse  Itiffiacri  Irivf  prnvril  srtiisfariory,  hut  «ome  users  eomplain  of  difficulty  in  ohtainmg  a 

sttflkkrilly  liiimtigefirons  gkiss.  Klcrtrir  fiirn.aeei  do  not  appear  to  he  well  adapted  fur  uptieal  glass, 
iifiit  iw  they  liavt  not  firiivi’d  rtieaper  ihiin  KM»fnril  furnaias  of  the  titrik  type  in  localities  wdmrc 
roal  m  ti»rt  almve  ilir  noriiiiil  priep,  the  firhl  of  iHefii!n«s  itp|>«irs  to  he  limited  to  those  plteri 
wtitre  watrf'jiowtf  or  ollirr  sfm'ial  lariliiies  sugijest  the  fireferenre  for  electrirliy  as  a  source 
«tf  Ileal  t 


GLASS-WORK  I NG 

Virbiii  methcMli  arc  employed  in  iimking  articlcn  of  glans,  but  the  majority  of 
tlierii  arc  btsed  m%  the  produclion  of  a  hollow  flank  by  blowing*  (Iflown  glass),  or 
on  the  prcMiuclion  of  a  plate  made  by  castiog  the  glass  and  then  rolling  it. 
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Wluit  K  ktiimn  .i*  pressing  ■  ^  ‘'‘i'  -•  :  i  ■-  >  >;  ! . .  >  .  , 

.slujX'  ut  tin-  !!  llt.i*  .’I,-  •  i  -i  .  t  ^ 

hlmviiig. 

Hit' blowing  I  .>4.  .j  '  j.  ^  ^  '  1  ,  .  ’  ni 
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lit*t|iiinilly,  l‘|  Itii  «  *4  t  i  \  ^ 
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♦ititlitifiilll  4  siit’ti  itirfi  till  «.  •  <1  4  7  .  ?*  ^  4  .  I  ,  ki»  .  “ ‘.Im 
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C*llt  Witfh,  4111I  il  rii«iitr*«  ill!  iln*  vrwl*.  .S»  *41. #• 
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l*r  litiifrewwrfttufii  iImii  ilw  nw  nf  »  kt^rt  uU  mh*%  ihr  1  7.  7  ..  m*,.  hi  7  ih* 
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Injiilri  iitttl  Jh  tril.ttiih  iiui»  li  iiicM|tri»  ;4'-»  one  pail  »»!  lutiip-*  uili  ■^nn've  f‘U  M‘veta!  mouUlh.  Where* 
hmipnrrkril  Iwiiilr-.  Mt  Ueainl,  ihr  nnt^i  be  uipplnuenied  by  a  hccun.i  (Fip,.  as  other 

wi%e  if  \%imlii  he  liiltiftili  in  wtilaliaw  the  Uiiile  itoiu  ihr  uitHibl.  la  tlir  case  uf  a*  wine-glass  m;uk* 
|.»y  lilts  sysiriii.  llir  huwl  r.  ‘Ji.ipisl  h\  inr.ta*»  »»l  ilte  annthl,  the  leg  is  tnaelt*  as  mx  the  old  system,  and 
thr  tool  allai'lird  in  ilir  same  !inii!ir*!i.  Ilte  glass  is  iliea  t:ut  of|  the  ptmtil  atu!  srnt  tt>  llie  annealing 
Irla.  _  riif  nioiiili  i»  futislied  m  thr  aimealrd  glasH,  by  euiiing  ant!  giiu  sing,  insleatl  of  working  the 
glass  ill  a  stale  41  thr*  hnno  e.  Handles  am!  dtH'oiattvc  work,  sut*h  as  thtearls  t>r  beads, 

iiiiisl  be  aiipliisl  l»»  lltr  IimI  and  anit  aitnlrs  are,  the*  re  fine,  best  made  by  the  old  nystem,  as 

thr  glass  I'i  rHtdrd  b\  tlir  immld  and  i-.  diltiriiU  to  heat  again  uithont  risk  of  devil rilltnuion.  Much 
»,kdl  is  slitiwn  III  llir  way  s*nnr  luve  hern  rleruratetl  l»y  siinullanetnisly  gathering  two  or  more 

kiiitls  til  glsi*rHy*ii  itir  and  ibrii  |»i««'rrdii!g  wiilt  the  wotkiitg.  In  this  way,  elaboiated  (*oils 

anti  oilier  ilrsig!!-.  atr  iiLidr  in  a  1  laiiisiuiinrly  simple  niaimet, 

Homliifwltiiiis  III  l»»lli  llir  old  and  new  meibodsiire  large!)  in  tisf.  Thus,  in  some  works  instead 
of  UMiig  llir  iriiitu^r,  ihr  l»till»  of  glasH  1 .  s|u|»rd 
by  |irrssiiig  ii  i^ti  a  wn  woo-lrii  dish,  Womlen 

for  llir  irri  |4  Witirgkrva’,  ^ 

aiiii  iillirt  sitiiplr  tools  air  iiita  Ii  itnnr  mlrii  M 

snriy  itsrd  than  frtiiiirih ,  I 

llir  riiiiritniiiH  tliiiuuid  fur  c1hm|»  I  'fll 

btililrs  Ii;b  rr‘4iillrd  iii  llir  iinniiiuii  H  ’ll 

of  iiiiiiiertiir-.  iiiarliiiif'H  in  wliirh  the  CTTX  JMI 

jircirrsH  «if  dtui  |»rrshiitg  iibiy 

lir  rffrc'lril  mrtlutti ir.il ly.  lit*-  I  I  jj|iP 

iiuirliitbe  wliirli  Ihr*  gditiinl  tlir  itiird 
rmigniiiiiti  raluil  fwlriilctl  In  Owcos 

ill  ii|05  ill  Aiitriir#h  aiiil  rtniiiiillnl  by  1C® 

thr  kliriifiraiit  CthiHH  Ilnlllr  Syiulirdlr,  JUi  j|| 

Oiir  cif  ilirm*  wiiti  Ihr  aid  §w4  Wfl® 

td  nix  tttrih  will  |»ri#ihirr  tin  IrSi  thiiri 

1 5,000  to  jchooo  biilllr^  a  this »  wlierriw  ^ 

a  nkitlrd  bliiwri  will  mil  iiiak-r  iiitirr  C  jm  4  I  gm 

ihilii  J50|  mill  Icnv  itirti  wit!  ryrml  ^  JO|^  ^ 

300  bolllr^  ill  liir  NgHHMIB 

Tlir  tnailiifir  ti»  Ion  4  «iii4|ilr%  to  hr  ilr  |\  ^ . . 

siiitirti  iti  tirlAil,  litti  hfirib  it  roimslM*!  ‘4\  I  \  lij  |||p 

III  If  I/*  1111141  1*11  a  irtiiiAl  foiaiitig  siwli,  V  \  ■£ 

rath  gftti  hrifig  lillrd  a  Itkisl  4ti*t  wtdioii  I  r  i 

»i»nirr,  %«*  ilial  rarli  anti  firodin  rs  4  rotiiplrle  W  I 

t»^i|||r  f*iri|  fri MiiHioii  *»!  till?  drtft  i\  ****  '***«*%  JL 

Wlirii  llie  ttiaeliiiir  b  M  W'nik,  an  aifii,  ^  wf* 

iiig  A  iilotild,  dibs  tiw*  sfilo  liie  |d4%H  l4tik, 

aiiii  r%t»atisi%  till*  air  itie  |  j  !■  a  ®  fl 

ttioithb  lltrrr'Ui  filling  if  willi  'flir 

Arm  is  lltrii  taisril  and  iiioied  away  Ifotii  liie 
dining  wittrli  itioibm  titr  mdton  is 

atitijirii,  4in  r%ir-%  itf  gia%%  IS  nil  off  aiili#  ,,i ,  ,  .  . 

mmrMy,  i>».l  ihr  m-mlH  f.  ihn,  rr,,u,wl. 

irA%iiig  llir  liatigiitg  fioiii  ilti*  afiti  ifi  fir 

%lMpr  ill  I*  iitilb  *\  iifw  tiioiild  1%  iip*w  piAi'eil  .ttoitiiil  file  gktrn  itfid  ihr  air  bkwl  is  iiiiimd  ttn  ho  af» 
to  ttiiikr  ll*r  bilo  lltr  f«|ttbrti  stiafir,  aflrr  wtiirb  llie  imiulfl  and  Imltle  are  both  removed,  and 
llir  i4ftii  h  tiiwrir*!  liirtl  iridylo  riMiiiiirtirr  llir  iirikiitg  td”  a  new  bottle,  The  Uiirle^  nnist  be 
tfrrd  ifoiii  dwfp  wigrs,  iMtiiriikiily  at  llir  nrek.  Ttiin  h  rllivUtil  by  theiawe  nmehine, 
wtiieli  raftirs  iltr  fotiinl  to  4  fititwrr  and  Itolik  llirin  in  siirh  a  manriei  that  the  etlpen 

afr  foilltdrd  l*i  tin*  Itral  i  llry  utr  ibrii  Hrid  n#  tlir  .tniiraliiig  iliawtrr.  Tin  gkws  tank  eonfiihnng 
fin-'  iiiiillrii  gk't  1%  fifrlrffiiib  nnnk  to  itilalr,  *0  timl  the  rold  iiriii  dors  not  always  rlip  inu>  the  Maine 
|Mfi  »l  llir  lAftk  diid  w*  rlitil  ibr  gliH#  iiftiliily.  t’'iw|iirfif  rlutitges  of  inowhb  are  fieee.MHfrry,  and 
*4  Iflirt  iniiMt  f»'  rii4|ito%rii  in  krr|»  tlir  liiiiiliiitr  ill  All  ibe  iiieii  employed  may  be  unskilled 

,1^1  tlir  ittjf  bifiF  i'i  »«iiP*s|  4iil«iti4lw . 

{fks%  of  liir  fifdiiiiiry  4Siiit|irrtiiiofi  way  be  it'#d  w-illi  thb  inarlnnr*  Imt  it  is  desirable  bi  replaee 
llir  gtrrtfrr  |Mfl  »»f  sniliMiit  sMipliiilr  by  ;mirte'4|Miiit|iitg  prof  tori  ion  ^  of  sodhim  earbonafe,  FclMpar 
itiiiiilii  alnrfii,  mid  iln*  iiitisi  bt  liriilwt  Mttftieferiily  to  iimke  if  iiioiMmy  fkihl. 

11ir  SfittrifI  tll*ctli«f  k  *iti  finpprt'riiiriil  on  tlwl  imhI  ilriedbrd,  Iwt  rliflers  from  it  ehicfly  in 
file  fiwfifirf  III  wtih  li  llir  iitoiilib  Afe  lillrtb  »  llrC‘fliy  vessel  beinf^  ii'inl,  in  whieh  ii  plunger  fidn  the 
itioiilil  wifb  The  low  niitiiirtifiiy  iif  llir  tire4d.if  firrttnl'i  the  glii%  l^ing  UMed  without 

iiniiiif  Mill  iWftwiy  wllli  III#  itrrc^slly  of  a  furnare  and  ghiSH  lank. 

Tlir  Brililfr  mactliJSt'lor  witlt’Wpmltcd  ttimblers,  nr.  |Flg.  Hb  la-ars  ii  idose 
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reserotilance  ihr  pi '’^  .*■*  *  i,i  i,%r  ns  »in".u  «  4'  ■!  *-«i'  .  ■  4  »  5  ^  7^1^  It  4  ! , » 1 

II  of  t*ll  a  ti»l4*lll|*  4  >  j  ;  "f  '  t,  i  le,  ,  I  If.  »ii;  1 1' p 

flulil  gliiHs  |Miiiretl  ilifn  th*  iu  *  4^4  \  s  '  -i  ^  !  %  nti  i  *..*'4,  .^n 

itj  thetloirrti  sIih|h\  Uliut  iJir  ^  ‘  -  5-  f  •  ‘hr  .w  •  y.  a  y  ^  ^  r  14^?% 

anti  lilt*  phnigrr  it  Imiiii.  a  V'* .  •*<  »'i  *  4  4,'!'  ,,  if.  u.  u,  ^  ^ 

iiutoiiuticiilly  ninl  ils  l  lirr  a.  !t.,fa  |  '•  '  *^'1  '*  *' y-  -  t  1  ... 

In  this  |insiit«»«  llir  144**1  |*i|r  m  r.  ipph  i  '  *  .  ,  4  ^  '  .?  4  -  j.*  fir4 

Hh;i|c.  Xu  '•ilallnl  itini  mr  iirnlril 

A  run*^nlrijil4r  nriitb^r  >*  « "^^Pt  inufr  ^  ^  'x^  ?  >.  .  •*  !  ’  '-j.-  4:. 4  ,*|iKr 

hulliiW'Wiitr  liiUrt«frfi  ^  4!  l-r  1  s  ■’  f  I  .-f*  'As  44:4^  I  Kr  I  iltf 

px|ciiriii r4  l*y  ^  4»7’**»  «  0*5*'^,  ?  ,*  ,.-’4  -/♦r*  *  ra  fPr  a  ii  X'  4  Hr  itiffi, 

iHsng  the  Owriw  iii*tt  hifp'4  f  ,  -Ik  i  4  r  ",Ik4  a.  )  h  *  *  Jir  » i 

Sheet  glass  i‘»  matk*  t*i  .1  4  7  r,-  f -iVi  Ihr  -4*1  4 

iron,  liailefiiiig  it  iliilii  if**  iliiiiiirlri  4^4isi  i*  miul 

a  long  biillit  who'll  air  ihi*  r:4«  knr*i%  tv  la.il  -I  !tir  «|r  i*r4  %hrt 

obtiliimL  i-ililtif  itiiv  Imlh  llr-y  «  .J  »rh  4  1  o  #si,  aiitl  tlr^  iiiMiilh 


IS  wiilrnofl  iiitti  .1  f  yltliilt*l  li|  tiif4ii7  i4  a  |  ait  k|  y  M14  iiaii:  *  ibr  ,;u  v  briiir  111^40 
whilr  mtaitril  %tiiiirm4ia{  rajiwlly*  llir  K*|irii  rm\  m  ihr  *  %afAhi  r.  iirii  fr.  mn!  kii 
a  pCinti!  with  *ltl  I'Ulltliinl  rmh  ami  4!!.i4ltr4  in  y!  fw  tu*  air.  K|  thtrr  -.fiull  j  if.ri 
(if  with  Itttlllrll  gh%%.  11ir  |i«i  I  I  Ihrr,  ?Lr  $4hrt  r44  rsikipril 

into  ;i  t)iiiic!i*r  by  fiiraiH  tif  tlir  %|ffiii^  I  Ip-  iiXiKiri  4%  4if  ti  **4^ 

and  li  |ilacril  tm  a  lioi  fm^ilav  a  |  a*  1?  1,7  !!‘*'ii  |44M4|  jdr  jiwl 

rollrcl  liarkwaifk  ami  %»  ik  iLititii  lirr  mh*  1  '.Ikc*!  1**1  ihiv 

litiriwmmlif  firraiiy  4ili  iiiisvt  lir  Ik 'H.fmi  ihr  plar,  nri 

hot  wioiigli  tii^iiidi  it.  11ir  of  .iiwl  *  i.I.-n  jir 

rlwtrly  hIiowii  in  h'ig,  (|. 

Imr  4  ft.  iu  ri  ft,  IR  |r|||*flif|,r  H-'r  *  I  IIK  *;  rf  #  iV  t|i  v  lli4l 

iiir  K  4ii*|4iril  lu  ifir  t  4i«  i@ 

Varbiis  ttirdiaiiii al  iiirilmili  nl  iswkm^j  -.brr?  Ljir  !«-ro  ilrinrsi  Ini! 

are  not  wholly  Mli’iftii  lory 


Wltal»  4l  tjur  lttitr»  t|i«4fr4  !»  I#  *  pf-  pi  o  u*  ri|  «  r 

llirtmgh  SI  mtiiiiltirptPMi  4ie  ifi4  <ti./4  i  ♦»  *-4'  ptiifT 


■  f.'ii  pill' t 
|k 


lipwrvei,  it  fMiitpi  itai  ilir  4irr!  Iwilly  »m  iUTuyiii  ni  ith  MirlUce  and  the  lahtair 

«i!  tl.ilir!iiii|t  II  iiukf"»  !li5‘‘  r%|i€iisivc  fh.in  hlawinij  ryUodrrs  imd  tlutteniag  these 

»i|i»  4}rrl‘*. 

Ilrllri  trvuU\  Mr  i»l-i4iitr4  hy  llir  .truiiigrtmiil  |tatriiU‘i!  hy  Foucault  in  in  winch  a 

III**  clay  |4ttn|tri  r.  hlfrsi  ttiiii  a  iiii «tiili|isrt'r  |iLitTci  '»«ntifwlial  he!i»w  the  level  of  tlie  surface  of  the 
iii«»lirii  in  ihr  lank  fuiiiaiT.  In  ihr  rriiifc  of  thi«i  plungrr  is  a  vertical  sUu,  and  cm  the 

»4  |*ir-Jiiitr  the  f«»fcri|  ^ti|»c%afdH  tlirtnigli  this  .slut,  and  is  gently  drawn  out 

by  aiiartiini*  a  -dirri  ui  iniifuierd  Ttir  |»Ja%H  i%  dtawn  upwards  in  an  endlcHs  hand  hy 

tnrair'*  of  vriiical  liillrrH  rovrinl  wiili  a»dir\!i»s  and  placed  in  pairs  sda»ve  the  slot,  the  whole 
aii4fi|:riitr»i  hriii||  ritiii.iilird  in  a  rliamhrr  wliirh  rffrci\  the  annealing  of  the  glass.  The  glass 
^i»|idilir-»  aliiiHif  inniirdialrly  tm  leaving  ihr  d«it,  and  on  pa«dng  the  final  pair  of  ndlcrslt  is 
ftillv  aiiiirairil  awl  ran  he  cut  nil**  ’4ierl%.  ^  I1ie  lime  occupied  friim  leavittg  the  slot  to  iieing 
« III  IIP  h  iwrfili  Srvrwl  ti|  thr'»f  devices  can  he  fitted  to  each  glass  tank,  so 

lltal  liir  %|iarr  tir=ritpir4  l«  tioi  large,  1’hr  iiirthod  lian  proved  iiitififkctory  In  the  works  where 
II  lia‘*  hern  imiillrd, 

fit  F»  iitacliifte  ai  AiivrliK  Cdiarlrtuil  a  |air  «if  endlcSH  metad  Immls,  arranged 

vriliCtdly  atiove  a  -sriir'*  of  jiair'*  of  in  um-d  to  wiliidiaw  the  dieet  ns  it  is  formt?d 

Ifoiti  ilir  iiiolirtt  liiriiiL  ‘fliti  af uiigriiirtil  atlHohi  *i  heller  siippott  to  the  glans  that!  the  rollers 
iiwtl  hy  Fi»4ir»itilf  :  II  ran  ptoflucr  %hf:€rt%  i  li,  widr, 

In  atiotlirr  niodiliralton  of  inachtnr,  the  in  drawn  up  in  the  form  of  a  cylinder 

tthtrli  }.  4?irf%%-if*F  -4il  loiigiinilitiiilly  .itiil  iticii  lltltenrd  le*  dcH-rihed  on  p. 


Ill  alt  l♦lartlitlr.  of  itir  ioirgotng  i>|rs,  ittr  4irei  or  cylimlrr  of  iimni  he  received  in  an 
rmlirini  Jtiiii  fi»  ,arii  rliafiihn,  oitriwHf  llir  differriicr  in  ihe  rale  at  which  the  exteritw  and 
of  llic  r.ioit  will  Ctittvr  it  to  rtufk. 

\htiiofi’4  tii4cliiitr'#  Ii4%r  irrii  lirviwii  lof  iiirrlianically  blowing  flafiki  Iroiii  which  cylimlcru  may 
Iw  ritf.  11»r  fiirrli/iiicnii  irtpiirril  is  fircr»ivittdy  intiicidc*  and  the  cost  of  o|>erftting  these 
siiacliifir'4  ft  gtralrf  iliiii  Inifid  liltiwiitg. 

A  %rfy  vfioin  dfawl«tt4  to  itir  iif  all  mrclmitiral  niHhodi  of  litowlng  glass  ii  the  fact  that 
itir  wnik  t*f  the  iiiiiWTf  In  ttoi  itrtrly  tttrrhatiiral  s  he  mtc4  eicrrcKe  ronskkralile  skill  in 
*44%rrving  llir  «if  ihr  4fiil  wkpttiig  hw  tiictveinfnff  accordingly. 

To  tic  'uii  rr%*!fiil,  4  ght%%  w»*fl4iftg  itiacliiwr  \iioiiltl  have  the  to!h»wtng  rharacteristlcs  i  («)  It 
intf't  hr  lifiirn  if  ttiifii  l«i  ^liiablr  for  with  i‘*tKting  ftirnacci  and  gkii  mixturcM ; 

t.|  If  l*r  *4foiigly  l♦tllIt»  ns  itivolving  ilir  ♦itoppage  of  the  niachine  prove  costly  i  (r/)  the 

iihoiir  frtr|iiifrti  iti«4  l»r  kigdy  iifi4illrii  i  kl  flic  arlldc*^  miwlc  miwt  U*  tw  durable  and  ponieia  all 
till*  of  tin  frf|iti%iir  rlnitarlrir4irv  t4  Iwiid  woikttdgkwj  C/|  the  fo^t  of  prodtifthm  mwt  cornmre 
fitvimiably  willi  tiui  of  Imiiil  i%i*rk  s  41  the  pr^alitcl  iiiiivt  Im  ready  for  \m  m  soon  as  it  ettmes  from 
llir  If  Ilf,  Atty  roii%ifirriit4r  amt  iiini  of  irliiiittifig  or  itiher  iwldititmal  work  nmkei  the  nm  ol 
iiircbaiiirAl  iiiritnai'i  of  liiowtiiff  loo  to  coftitM^t  with  hand  work. 

Tlir  at  wliii  ti  llir  k  workcti,  the  width  and  ihickncHH  of  the  sheet  anti  othci 

titlfior  ftrrr^*%anly  r«|iitrr  tfi  lltii  j*roctss.  For  instanrei  in  France?  the  bulb 

II  liraieii  Indore  t|ir  Mititititlly  king  eytiiiilcrf.  cu?»lomary  in  that  country,  can  lie 

cilitiiintil* 
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Large  vessels,  mu’Ii  :in  tur  .muIs  u*  hUmn  b\  Iiirans 

of  huituin  hiogs  for  the  first  slag«%  ami  aftmuiitL  .1  liiifi  wain  i,  iniioiliii  ft!  ;  tfiis 
is  rapitlly  (ajuvcTtot!  ‘aiMiii,  and  -'aHiHi',  i!if  r\|»4h,'ii!n  of  dif  -Lifi  tt»  i|||. 

desired  si/c, 

Sievert  (S:  C  Sk,  iH'e^iUaK  li.iu/  pOHlintui  tiiiiiif luii ,  ailiiif'%  h)  <  .isting  4  i,| 

glass  on  a  peTloratocl  pliir.  t'}aiii|iiiig  il  diaui  m,  i!iirifiii54  thr  |»lafr  sn  that  ihr 

glass  hangs  sus|H‘ndf*d  above  a  iittnild,  aiitl  llirii  d  .yi  f|iiii||;^|i  ||j,, 

porA)ratod  plan*  so  llsal  i!ii“  glin-,  i\  liliiwii  to  till  ilio  iiiiailif 

Ida's  artangenuent  tiublcH  laigr  tanks  tui  firriip  aoriinniLilom  ami  itiiier 
purptwes  to  1h*  madr  \rr\  « liraply.  A  ititM|it!rali«ai  of  at rafigoiiirtit  is  al‘«»  liMal 
for  thr  inarntfartiire  of  Lugr  rylimlris  amt  toi  slirri  gLis-* 


Thr  armugrttiriif  |ui»'a'4  *  li#  I  n 

resfMsis.  1‘h«*  faoti  iii  wliit'h  if  1 1.  a!  |itr'*riii  tt*r«i  h\  |  »  r*  Tf  ,  Ihh  /,  *  |  ni.*i  .ttisiit.iii,  ifk 

in  Fig.  Hi.  A  %lrcl  ring*  fimsl  »iilt  a  1  iia  <  ir  1  r4.s%  i*  I  i<4  a  y,4  ^  itllffi  wnii 

moiuni  gluHi.  A**  a**  Itii'.  fj  li.o  bis  sitar  .m,  hi  s- |  «i!|}|  !  ‘  j, 

K  rtartly  uiitlft  llif  di.iii  Tin*  LiOri  i.  i’a'ii  h*ttri  i  i  O’  s,  >  'n..  oi  h  ,  -fir  utifj 

\4  rb  ,  !|}.  *  1  fSai  4  u>*’  1|  ,  tiJi 

ohi  IrO’l  j  t  »  or  1  |ri.»U'|l  ili.fj,!,  .,i||j|| 

/\  iLy.brt  f  i»r|  m  o  ..  .  ,0  A 

I  ^  k,  I  s  dn  f.j*r  o  loird  «|ii?  '  I  ¥i j .  n»iw 

^  ommol.  !ti*"  \  I  ^  I  4  ff,** 

\  r-  m  HAfif  O5,  |jh..  flf.  IV 

X  J  ‘ta.Ik  O  n-:  Mil  fiord,  4  liofl  tt  14,;  .»  !M-f»rrb 

I  4*  o4  Iii  u  llittii  ihi  miih  ft  4.411 
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uHucl  for  Qwr  two  innuiml  yt*ars  ;  the  c'hitl’  iinprtavnu'Uis  have  been  in  means 
wlicrehy  plati\s  of  very  large  si/e  may  he  prodiuaal  Sheets  up  to  30  ft.  lyy  17  ft.  ran 
now  ht^  made  with  rompanuivt*  ease,  anti  larger  ones  are  cKaaisionally  manufactured. 

1  lif-  tiH»!ten  I'J’Os  m  a  «nrliiu|»  |h4  is  sluni*  <ivc't  llu‘  oisuni^  Uililc  by  means  <tf  a  fian«% 

and  its  otnients  %ar  |Hairrd  inil  as  t’vrnlv  as  pussibh*  cm  an  iem,  table”.  An  irtni  uilier  is  (hrn 
udled  acTuss  tlie  visonis  f-tlass,  redueinit  it  te  u  uuilcnm  thickness  thrcmgheul.  Tin*  ihit“kness  is 
dticrminrcl  by  two  straight  edges  plac’c'd  tme  t*n  each  side  «»!  the  table  at  a  di.Htanca*  depending 
npcm  the  desired  widlti  of  the  plair.  The  glass  is  theii  takem  to  the  annealing  even,  and 

is  afterwards  lr\rlk*d  and  |solis!irck  llie  (‘anting  table  nntst  he  <d  .stemt  incial  nr  U  will  warp 
and  twist  nndri  the  iidlueiier  nl  the  heat,  ‘rise  rtiller  is  l»ettei  if  heated  internally,  though  many 
workn  tin  rroi  sschipl  tins  |ne«*atstitm. 

Wltcm  the  east  and  ridirti  plate  is  removed  htsm  the  aussealing  elunnber  it  1ms  a  t\  ngh,  o|iat|Ui% 
and  undulating  mu  fare,  but  llsr  inlet  it<r  should  be  cpiite  (dear.  The  plate  is  examines!  as  to  its 
ireedemi  frtun  drfet  is,  trinnned  to  ‘•bape  and  sent  to  begnnsnd. 

I'lie  glass  is  fasiriied  to  a  gtindittg  table  \uth  plaster  «•!  Uaiis,  and  the  table  is  rotated  about 
30  rc*xs.  per  riiiiiute.  Two  or  incur  ribbed  rollets  run  ereentrleallv  cacu'  tlie  hurfaee  cd"  the  gla^s 
their  action  being  .titled  by  the  use  of  wri  sand  or  emery.  I'be  final  pttlisb  isj»,iven  with  felt  and  leather 
rollers  a.nd  mugr.  ‘I'he  pohshed  plate  is  lluni  cut  init»  pieces  by  means  of  diamonds  (small  htc?el 
wheels  ate  mm-  used  as  a  suhiitiiutel,  II  l>rnt  sheets  of  plate  gluss  are  recjuired  f(U  curved  windows, 
cic'.,  the  polished  pliilr  is  bent  by  healing  it  in  turn  moulds  of  the  drsireil  shape. 

Kinall  pieces  of  plate  glass  air  iiMially  rolled  by  iiiraiis  of  a  loose  hand  driven  loHei,  hut  for  the 
larger  shrrls  the  roller  is  worked  meetiaiueiilly. 

The  grinding  and  pcdisliing  temovcH  ahcmi  half  tin*  ihiekness  t»f  the  original  jdatc*,  and  as  the 
glass  rennicrd  js  in  ilir  burn  c»f  fine  pemdrt  iiiivrd  with  swid  or  r««iige  if  refirc’sents  a  serious 
|t»sH.  \‘iirious  aUcnipts  luur  t•een  iiiaile  to  rce<»ver  the  glass  from  the  waste  abrasives,  but  without 
niueh  Mieress.  A  fiirthn  loss  is  raused  by  the  volatilisation  of  a  large  proportion  t»l  the*  I'culii. 

Reinforced  glass  t‘ciusist8  <if  plau*  gUisH  in  wltirln  wire  netting  is  tunl^eddctl 
‘The  glass  h  vi\hi,  and  Is  treated  by  lliree  rnllerH,  tin*  first  nf  wliich  spreadK  it  into  a 
slu*et :  ttie  wire  k  laitl  ever  this  and  In  eitihcHlded  liy  tin*  Ki*c*ond  rnller,  after  which 
the  thirtl  roller  etjvers  the  wire  with  11  film  of  gliiHs  and  rolls  tlie  wliole  together. 

The  Wire  pirvents  ilte  glass  from  falling,  even  wlien  the  batm  is  boAesi,  and  affords  a  good 
piotecinui  aiausi**!  stones  and  ofiier  missiles,  It  itKo  enul^les  tlie  glass  to  atloid  a  gresUer  protection 
III  ease  of  fire  itiid  tmtuhni. 

For  figured  plate  a  pattt*rn  k  cnit  on  ilu*  hod  or  rollrr,  and  this  is  automatically 
transferred  to  the  glavs. 

Patent  plate  k  sheet  glass  manufaiHired  in  the  ordinary  way,  Init  afterwarcli 
polistied  so  as  lo  remove  t!u*  hlria*  which  usually  disfigure  it  slightly, 

Pressed  glass  may  be  made  in  two  ways:  (ii)  the  mny  lie  gathered  on 
a  poniil,  pliica‘d  in  a  mould  find  blown  to  shape  as  described  cm  p.  256^  or  (^)  the 
viHcoiLs  glass  may  be  dropped  into  a  mould  and  s<|uea//aal  lo  the*  desired  shape  by 
means  of  a  plunger  as  in  the  liriihler  macdiine  (p,  257),  (Ireat  accniracy  is  rcc|uired 
to  allow  just  the  rec|uisite  riuimtiiy  of  glass  to  enter  the  mould.  Hie  hot  article 
may  l»c  ftrc-polished  by  cKpoiing  It  to  the  heat  of  a  Huitirble  blast  burner,  after 
wliich  it  must  be  anneiiled. 

Annealing  or  c*ooling  the  hot  glass  under  .suitalilc  comlitions  is  an  cfisential 
|)art  of  the  process  of  miinufacture,  as  glass  which  lias  heen  cooled  ttio  cjuickly  is 
iini!abk%  and  may  fall  to  pieces  at  any  moment.  As  stion  as  possihltt  after  the 
article  has  been  made  it  is,  therefore,  sent  to  the  annealing  chamber, 

Twii  palterius  f»f  these  are  in  line:  hi  one  die  temperature  of  the  oven  mimnl  so  its  to  be  rhisc 
to  that  cif  the  glass  placed  in  iu  and  it  h  then  iillow^ecl  to  cool  very  slowly.  In  the  other  method  of 
itnnealin||,  the  gotak  are  plaeetl  at  «»ne  end  of  a  lunnid  or  lehr  nnd  imsh  slowly  through  it  until 
they  reach  the  other  eml,  when  they  are  remowi  in  an  anneidetl  condition.  Tnk  is  a  more  rapid 
and  iiitisfftctory  mrlhorl  of  simiealing*  iind  the  tempertuire  Is  tmcler  more  romplett*  cumtrol.  It  will, 
t hereof e,  come  into  hicr«it»ed  nw  in  the  course  u(  time.  Where  glais  i«  blown  meehanitmlly  the 
output  nereiiitiites  a  lelir  of  large  ciipariiy,  or  Minu?  methful  whereby  no  time  is  lost  in  the  proeesi  of 
iinnciiling,  Fttr  many  |wr|a«efi,  the  liest  form  of  aiineiding  c»vcn  m  a  tunnel  «io  ft,  hmg  by  6  ft.  wide, 
with  an  endlei^  liund  running  through  it  The  kiUles  or  other  articles  arc  placed  on  thiM  band  ami 
travel  through  the  ov?ii  in  in  ittuomatie  manner,  the  short  time  for  etnrect  annealing  in  such  a  khr 
!>eing  Mirprwing  to  those  who  are  accustomed  U*  the  older  ty|>e  of  cooling  oven.  Inderd,  the 
Introduction  of  large  tanki  for  melting  the  glass  {m  in  Siemens'  regenerative  furnace  and  Us  merdih 
eiilionib  combinea  with  the  use  of  mcehiiniad  bh»wing  and  moulding  machines,  would  have  been 
iwelew  laid  it  not  lufen  for  the  almost  simultaneous  discovery  of  the  tunnel  annciiling  eluimbrr. 
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Hardened  glass  is  that  which  has  been  cooled  very  rapidl}%  so  as  to  produce  an  exceptionally 
hard  surface  (see  p.  245),  but  no  method  has  been  found  which  is  completely  satisfactory.  The  best 
results  have  been  obtained  with  glasses  of  high  melting  point  and  low  alkali  content,  that  is  to  say, 
by  regarding  the  hardness  as  related  to  the  composition  of  the  glass,  rather  than  by  endeavouring  to 
treat  ordinary  glass  so  as  to  increase  its  hardness  by  physical  means.  The  usual  method  of  harden¬ 
ing  glass  is  to  plunge  the  hot  material  in  oil,  but  a  bath  of  molten  lead  and  tin  sometimes  gives 
superior  results. 

Hardened  glass  is  practically  unbreakable,  but  if  it  is  scratched  it  may  suddenly  fall  to  powder. 

The  bending  of  glass  is  effected  by  heating  it  sufficiently  to  make  it  soft.  Glass  tubes  may  be 
heated  in  an  ordinary  batswing  gas  flame,  rotating  them  carefully  so  as  to  secure  uniform  heating, 
and  then  bending  them  to  the  desired  shape.  Sheets  of  glass  are  bent  by  placing  them  on  a  bed  of 
whiting  or  of  iron  covered  with  asbestos,  and  placing  them  in  an  oven  hot  enough  to  cause  the  glass 
to  bend  to  the  shape  of  the  bed  on  which  it  is  placed.  Small  pieces  of  glass  are  usually  bent  by  the 
makers  by  holding  them  in  the  mouth  of  the  furnace  until  the  glass  is  sufficiently  soft,  and  then 
bending  it  as  desired.  The  secret  of  satisfactory  bending  consists  in  getting  the  glass  of  the  right 
softness  ;  it  must  not  be  overheated  or  it  will  lose  its  shape,  nor  irregularly  heated  or  it  will  give  a 
poor  result. 

The  cutting  of  glass  is  usually  effected  by  the  glass-blower  allowing  a  few  drops  of  water  to  fall 
on  the  hot  glass,  or  by  touching  it  with  a  cold  piece  of  iron.  For  cold  glass  a  diamond  may  be  used, 
or  one  of  the  hardened  steel  wheels  now  largely  used  as  substitutes  for  glaziers’  diamonds.  It  is 
sometimes  convenient  to  make  a  scratch  on  the  glass  with  a  file,  and  then  to  bend  it  sharply  until  it 
breaks,  or  to  draw  an  imaginary  line  from  the  scratch  in  the  required  direction,  by  means  of  an  ex¬ 
ceedingly  small  flame.  The  flame  cracks  the  glass  in  its  immediate  vicinity,  and  with  care  the 
crack  can  be  made  to  extend  in  any  direction.  Small  sheets  of  glass  can  also  be  cut  by  immersing 
them  in  a  bowl  or  tank  of  water  and  cutting  them  with  scissors.  It  is  necessary  that  the  scissors 
and  hands  of  the  workman  shall  be  fully  immersed. 

Technically,  the  term  cutting”  relates  primarily  to  the  production  of  lines  on  the  surface  of 
the  glass,  these  being  made  by  means  of  a  rapidly  revolving  steel  disc  or  wheel,  the  edge  of  which 
performs  the  operation,  being  aided  therein  by  sand  or  other  abrasive.  For  the  final  polishing  a 
wooden  or  cloth  wheel  and  putty  powder  or  whiting  are  used.  For  smoothing  or  grinding, 
wheels  made  of  sandstone  or  emery  are  used,  the  glass  and  wheel  being  both  kept  wet  during  the 
operation.  In  some  works  a  stone  or  corundum  wheel  is  used  for  cutting,  and  some  manufacturers 
prefer  to  finish  the  ware  by  dipping  it  in  a  mixture  of  hydrofluoric  and  sulphuric  acids  which  leaves 
a  polished  surface. 

Ground  glass  is  made  by  rubbing  the  surface  with  sand  or  other  abrasive  and  water,  but  acid 
sodium  fluoride  is  also  used  as  a  corrosive,  which  acts  more  rapidly  and  uniformly  than  any  abrasive. 
Sand-blasting  is  also  used  (see  Frosting”). 

Engraving  is  similar  to  cutting,  but  no  abrasive  is  used,  the  work  being  usually  done  by  copper 
discs  revolving  in  a  small  lathe.  Some  engraved  glass  is  extremely  costly,  and  demands  the  exercise 
of  the  highest  skill.  Cameos  are  made  by  uniting  two  pieces  of  glass  together,  the  white  one 
forming  the  front  is  then  cut  away  where  it  is  not  required,  leaving  a  white  relief  design  on  a  back¬ 
ground  of  a  different  colour.  Quite  recently,  the  demand  for  very  cheap  cameos  has  resulted  in  the 
production  of  moulded  designs  which  are  fastened  to  background  pieces  with  cement.  Such  a  method 
lacks  the  accuracy  and  cannot  produce  the  sharpness  and  delicacy  of  cameos  cut  directly  from  the 
glass,  and  is  only  useful  for  inferior  work. 

Etching  and  embossing  are  usually  effected  by  means  of  hydrofluoric  acid,  which  corrodes 
and  dissolves  glass  exposed  to  its  action.  The  glass  must,  therefore,  be  protected  by  a  covering  of 
wax  or  other  insoluble  material  in  those  parts  of  the  design  which  are  not  to  be  etched  away.  If 
“  flashed  glass” — glass  which  has  a  film  of  glass  of  a  different  colour  on  its  surface — is  treated 
in  this  manner,  the  design  can  be  in  matt  or  transparent  glass  on  a  coloured  ground  or  vice  vers^. 
A  matt  surface  may  also  be  produced  by  painting  the  appropriate  parts  of  the  glass  with  a  mixture  of 
hydrofluoric  acid  and  ammonium  chloride. 

Frosting  is  usually  effected  by  sand-blasting  the  glass  so  as  to  roughen  the  surface,  then  covering 
it  with  strong  glue  and  leaving  it  in  a  warm  room.  As  the  glue  shrinks  it  tears  away  sufficient  of 
the  glass  to  leave  a  frosted  surface  (see  also  “Ground  Glass”). 

The  use  of  the  sand-blast  in  glass-working  is  very  extensive,  as  it  is  rapid,  cheap,  and  capable 
of  application  in  a  number  of  different  ways.  The  process  consists  essentially  in  blowing  a  fine 
spray  of  sharp  sand  on  to  the  surface  of  the  glass,  any  portions  requiring  to  be  left  polished  being 
covered  with  a  stencil  through  which  the  sand  cannot  penetrate.  The  minute  angles  on  the  grains 
of  sand  cut  away  fragments  of  the  glass,  leaving  a  surface  which  is  remarkably  uniformly  roughened 
if  the  operation  has  been  properly  carried  out. 

Iridescent  glass  is  made  by  producing  tiny  flakes  on  the  surface  of  the  glass,  these  flakes  re¬ 
fracting  and  reflecting  the  light  in  such  a  manner  as  to  produce  the  phenomena  of  iridescence.  In 
antique  glasses  the  iridescence  is  usually  due  to  the  prolonged  burial,  allowing  time  for  the  moisture 
in  contact  with  the  glass  to  have  produced  the  necessary  flaking  as  a  result  of  corrosion.  Iridescent 
glass  is  usually  made  by  exposing  the  ware  to  the  action  of  a  15  per  cent,  solution  of  hydrochloric 
acid  under  pressure,  or  by  sprinkling  stannous  chloride  on  the  edge  of  the  furnace,  and  allowing  the 
fumes  to  act  on  the  glass. 
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MIRRORS 

III  tiir  ttf  a  iiuiik*  plate  i;lass  ih  ustni.  It  must  be 

very  free  fiinii  am!  it  ihe  iiiiiitir  is  tu  be  iiuicle  of  silver  the  glass  should 

have  a  liiiiit  bluish  in  lietilialiM*  the  yellow  oue  due  to  silvtu'.  d 'wo  different 

pritc'esses  iif  silvniiig  iiif.’  tised  ill  t'liitiiiierrc  :  llie  ohl  utethod  in  whielia  tiuueury” 
lilt  aiiiaigaiii  is  ie%ed*  ami  llir  newer  ours  m  whieh  silver  is  eiuploycal. 

4tr  Mtforlrifsl  I  «  Ur  itittlr-aeiUlt*  ;i  h)*|h*aiir  |Hniu  «jI  an«l  as  nilver  is? 
at  llir  ifir^riti  iiitiri  rliraprr  in  ter  ifi.tn  liirroifv,  the  lypr  t»f  ittirrer  is  graflually  ftasHiag  nut  td 
W'rts  Tlif  ftirit'iii)  i'-»  a|*|*lsr4  Lioiir*  a  sijrrf  «»f  liiifiiil  taui  larijr  wtHttltui  tulule  prtiviU.tnl  witlui 
I«nt4  nt  fiiii,  aip|  iiirirMiy  o  p'Siird  nii  |i»  ilir  fttil.  If  tirt'essary,  llir  turentry  may  lie  rubUeh  into 
llir  iiiiliJtl  hriofr  llir  Litiri  1 .  iti  if.  When  ihr  nuntniry  is  about  |  in.  (k*t*p  the 

M  llir  iiirfi'itiy  In  uLiriftit  llir  Ittwrr  etlgr  uf  tlir  glass ou  the  tabtr  and  gradually  pushing 

it  iMimsipb  ’ri  ir*  it>  .ivutil  an  l-ubblrs,  WIsrii  llir  glass  rrsls  on  ihr  lull  (\\hirlt  is  now  a  nwiruryuin 
aiiiaiganb,  llir  i.tbir  n  iiii  l$ie'  I  and  ihr  mrrr-,  mf  ntririiiy  iImws  away,  ‘Thr  glass  i.s  now  weighted 
-41  4*4  to  |iir'ts  llir  Aiiialgatii  iiiiifoffiiH  sjh  tsi  i|ir  •iiiif.sir'r  uf  iltr  |*hi  o  iifid  to  i*\|»r!  uiiv  e\eess  of  iiicneury. 
Aftri  fottv  ri|*le  Ir-riis,  ifir  Men  b’  gl.irTif  irtfirally  in  a  liougli,  ant!  aftm  a  nn»nth  the  mirror 
W  ill  lir  ir.iilv  Im| 

\  III  ffr  ^  n!  ^.|  s.  |  eoiO  tfi  %%!»!•  It  tfjr  |d,o  ^  I*  |i4nited  with  a  |»uste  made  by 

aisgrfrimg  r!r,  ifolyii  4e*i«0‘'  ^  mro  Mfi.  iii  waiu  of  .dL.dnie  soHiiimh**.  Ihr  ininoj  is  rcnuly  as 
s«»o}t  4S  lie*  wHofr*  swil.i  4  1*1  ^rirU  iiiiifoinjH 

,0  n-ooo  4ir  e**"e<**''d  In  pimipi.eiiig  innallii'  silvri  on  ilie-*  rjass.  ‘Phi  is  a  clelioue 
oO'i.iii  .n,  i|.r  s^*bii5oio  iorl,%4br«  * »ia r  itbisrd,  at#*  to  a  \rfV  iiieiiable  tomlilitm.  A  suitable 
mohor  .iH^i  iiiU  am,  tb .  *oivr4  in  w.iirt*  to  wliiih  a  lillle  ammonia  is  adtlrd,  the 

loit!!!  *14  «  Miii.ifinng  I  I  rf  -*fe  ol  4iirt  11411411%  4iiil  |r|  *4  rohioiig  sohiliou  iiuide  liv  dissolving 

10  <.  eit!4ih  4  il  io»  '  rbr  •♦air,  wifli  /»*  g,  wliiie  sitgai  4  jg  alver  idUate  in  water, 

I  Mjling  I  If  Ij^II  An  Inmt,  hln-im.:  ami  dtltiinn;  to  1  Itiir.  l'4|iial  voliimen  fd  the  silver  and  the 
od«  lie,*  wi!!iin4i'  am  luvnl  smiiirdiafrii  brtoir  lem,  ami  llie  |»las»  ts  immnsMl  in  the  soluti<m. 

If  I  V.  riiltal  flol  llir  gk  s  stiilaer  to  be  ahetol  shall  be  i  leaiitsl  vtnx  thoiouftldy  iiiul  rimed 
With  tbMlml  iltriu  tttili  4it  w,|iifig  a  allowtiig  il  Iti  iliy,  it  slitmlil  be  immersed  in  the  nuKed 
obiiioo.  AfSo  4!«m!  m  homb  noiiKmnim  the  ghoi  i.  liiooi  with  wanii  vvatet  and  dried  in  a 
W4IIII  glmr  If  III  ei»%  fbr  -h'l'oa?  will  !«♦  Inin  riioiigh  lo  hr  poll  died  with  tlie  !«dl  of  the 

tuind  If  diotifii  hr  trd  web  4  It^ri  of  uiiinsi}. 

t  ifliri  mwiJai  o  blip  we*  Ipnr  I  rrii  fotiiifl  iu  br  ri|imlly  -oli  4a»  ton ,  the  sueeev,  of  the  silvering 
iif  I  '■'li  ling  |f|of<‘  ♦♦n  ihr  -d  iK  ?4  f|4-  m|4  i.Pmi  iIi.oj  »*||  ihi  iMlttliMir.  ttseil, 

I  4m4is  fwulewis  of  dr|4ii|li«g  sibrj  elrrUo||M»  ally  on  ghns  luur  Iwm  palettltd,  but  none  of 
ib»-m  Ini  4  aitaisi*  4  fill!  t  •'WiiP  o  nl  4s  ll$r  film  «d  sihn  i*|of»ihin  m  be  swffit  imuly  tlumble. 

fill.' .4  tip  I-  ♦!  Iiirain  »*i  tin  1  iikUloeiirli  Ikiriib  |44t7*/»l  t  iiiapplyirsg  ail 

rirt  ifp  I  tiifi-fi*.  siiinifiaie-  «iri|  ,i  laigr  uiitiibri  *4  fioiiiis  iiii  itir  fittn  of  silvet,  moving  the  eatluiflt 
ti  Ilt4!  r  n  It  Ir  of  *|iri  i .  ii<  twin  bi'oiigtii  III  loiifiit  I  with  II,  feiiift  llieivby  drpo^tiUng  a  uniform 
i'vtrkiiig  of 

A'i  tiu*  viiltic  *»!  n  iiiitr«r  c,ii  the  ctmipleterif.sH  with  witich  the  image  is 

11  lUrtfd  htJin  the  Hiirfitfi*  «»f  tlu'  inerfury  t»r  silver,  it  is  e«8«ntml  that  this  should 
(•*im  ft  (dm  iw  hright  and  uttilurm  as  jmssthli!. 

OITICAL  (H.ASS 

'I’hr  J.tndti<  linn  .md  wi»rkiiig  oi  »t|»tii';d  ginw  difri-w  in  manv  respects  from  those 
prt'vionsly  dr  .t  rihi'd,  » >wing  to  the  pet  uhar  rtsjuireiiients  of  the  makers  of  modern 
ientitir  iiettrument.*,  f.ir  tixne  Jittontion  has  to  he  paid  to  the  minor  characteristics 
of  opiiiftl  g!av.es  anti,  ron>.e»jtiently,  they  are  much  more  exjK-nmve  than  other  forms 
of  glass.  Moreover,  .d  least  fio  per  eent.  ol  the  glass  made  for  optical  purposes  must 
he  discarded  on  ;tcc»»unt  of  small  defects,  so  that  the  amourit  of  material  made  is  out 
of  all  protHutioH  tti  that  actually  entering  into  the  finished  instruments. 

IMra,  »lt(d»  w.wlil  hA\i-  lo-in  i.vrrl«i'tl.<-d  a  few  )t«ar.t  ago  are  now  rpRardctl  as  of  sufttetent 

itilp  ifUmr  til  ilbaiiMtily  bir  iinlfiitiirnH,  ««itl  ihr  rmnnmuM  amount  of  research  carried 

iiMt  by  itm  firim  of  glitw  iiuiMtt4rf«fer%  hi%  resulted  iti^the  prpdticlion  of  glasMs  of  a 

oitaliiy  ifid  iniwri  i|tiilr  tifttitipiiiirii  of  a  few  years  ago.  The  two  chief  difliculties  with  winch  the 
ifwiitiyeiitw  Ilf  gifts**  lia*4  fi»  t  oiilriid  fiff  ilie  |iP«liietion  of  a  *‘mciid  *  of  complete  uniformity 

,4tt4  ffrtdoiti  Iftiiii  s|»«‘eks*  trfi*40fial  anti  oiltrr  strain**,  and  the  po»»ei»ion  by  the  glass  ^ so 

|if**diiceii  of  tlie  ie*-|tit»itr  1*1411^41  ehaf#flefiiltvs  enable  it  to  lie  uc^ed  in  tht  instrument  for  which 

II  is  iiiaile, 

The  composition  of  most  optical  glasses  resembles  that  of  crown  and  flint  glass, 
resirecttvely,  pieces  of  each  of  these  glasses  being  used  in  combination  in  order 
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to  produce  the  requisite  refraction  of  the  light,  and  to  form  an  image  free  from 
distortion  and  rings  of  colour  anastigmatic  and  achromatic). 

Light  frorn  the  blue  end  of  the  spectrum,  when  passing  through  flint  glass,  is  dispersed  more  than 
that  passing  through  crown  glass,  so  that  the  older  combinations  w'ere  not  entirely  free  from 
chromatism.  The  most  recently  made  glasses  of  the  best-known  firms  are,  however,  so  adjusted  by 
varying  the  composition  of  the  glasses  forming  the  combination  of  prisms  or  lenses  as  to  reduce  both 
dispersion  and  chromatism  to  the  minimum.  Thus  the  blue  end  of  the  spectrum  is  shortened  by 
replacing  some  of  the  silica  by  boric  acid.  The  use  of  baryta,  magnesia,  alumina,  and  zinc  oxide 
also  afifecls  the  optical  properties  of  glasses. 

The  chief  optical  constants  which  determine  the  use  of  a  particular  glass  are  : — 

The  refractive  index  for  the  sodium  line  (D)  in  the  spectrum,  =jaD. 

{b)  The  mean  dispersion  for  lines  C  to  F  in  the  spectrum,  =A. 


(r)  The  ratio  of  refractive  index  to  mean  dispersion, 


_  A^d  ~  I 
A 


The  refractive  index  is  closely  related  to  the  specific  gravity  of  a  glass,  and  is  varied  by  any 
changes  in  the  latter.  The  dispersion  varies  with  the  composition  of  the  glass,  being  lowest  with 
glasses  rich  in  boric  and  phosphoric  acids,  and  highest  in  glasses  rich  in  bases.  Hence  flint  (lead) 
glasses  are  largely  used  on  account  of  their  high  refraction  and  dispersion,  but  low  ratio.  If  low 
dispersion  and  refraction  are  required,  crown  (alkali-lime)  passes  are  used,  though  they  have 
^  ratio.  Baryta  glasses  have  a  high  refraction,  a  low  cfispersion,  and  a  high  value  for  v. 

Unfortunately,  the  optical  properties  of  glasses  and  combinations  are  limited  by  the  chemical 
stability  of  some  of  the  glasses  which  can  be  produced.  Thus  boric  and  phosphoric  glasses  may 
only  contain  a  small  proportion  of  alkali ;  otherwise  they  are  hygroscopic  and  soon  become  opaque. 
Some  other  possible  compositions  are  useless  because  of  their  rapid  devitrification. 


Other  qualities  desired  in  optical  glasses  are : — 

Transparency  and  freedom  from  colour:  though  the  presence  of  small  bubbles  and  of  a 
decidedly  greenish -yellow  colour  do  not  interfere  with  the  use  of  some  glasses  as  lenses,  and 
technical  perfection  in  the  glass  is  often  sacrificed  to  other  optical  properties  and  to  cheapness. 

Homogfeneity  or  freedom  from  striae  and  other  irregularities.  It  is  important  to  test  for  these 
by  examining  the  glass  in  a  beam  of  truly  parallel  light,  when  the  stride  appear  as  alternating  bands 
or  lines.  For  many  purposes  inclusions  and  bubbles  are  less  serious  than  striae  (see  “  Defects,”  p.  260). 

FTaxdness,  so  that  the  articles  made  from  the  glass  will  not  be  unduly  spoiled  by  the  ordinary 
processes  of  cleaning. 

Ohemical  stability,  in  order  that  the  glass  may  not  devitrify  or  become  opaque. 

Absence  of  internal  strain,  so  that  there  may  be  no  undue  distortion  or  tendency  to  fly  to 
pieces.  This  is  secured  by  careful  annealing. 

Suitable  refraction  and  dispersion.  The  refractive  index  of  most  glasses  lies  between  1.4  and 
1.9,  as  outside  these  limits  the  glasses  are  unstable.  Several  transparent  minerals,  such  as  fluorite, 
have  much  larger  refractive  indices. 

The  manufacture  of  optical  glass  consists  in  melting  the  ingredients  which  it 
is  expected  will  produce  a  glass  of  the  desired  characteristics,  a  crucible  with  a  cover 
(Fig.  2)  being  used  for  the  purpose.  The  molten  mass  is  freed  from  gall  or  scum 
from  time  to  time,  and  is  heated  intensely  so  as  to  clarify  it  (p.  254).  When  test 
pieces  indicate  that  the  glass  is  satisfactorily  clarified,  the  stirring  is  begun  (p.  254), 
and  is  continued  until  the  glass  is  almost  solid,  a  fire-clay  cylinder  or  a  porcelain  rod 
being  used  for  this  purpose.  Usually  the  glass  is  then  allowed  to  cool  slowly,  and 
when  quite  cold  the  pot  in  which  it  was  melted  is  broken  up  and  the  best  pieces 
of  glass  are  selected  for  use  or  for  remelting. 

At  the  Jena  works  a  more  elaborate  process  of  cooling  is  used,  the  glass  being  maintained  at  a 
temperature  of  470^-570°  C.  for  several  weeks,  and  if  the  glass  is  required  for  very  special  work, 
such  as  large  lenses,  it  is  remelted  and  recooled  several  times,  as  many  as  ten  such  treatments  not 
being  unusual.  Thus  for  the  objective  (36  in.  diam.)  in  the  Lick  telescope,  no  less  than  twenty 
castings  were  necessary,  and  its  manufacture  occupied  four  years. 


I'he  difficulty  of  preparation  and  the  enormous  amount  of  experimental  work 
required,  particularly  in  the  endeavour  to  make  improvements  in  the  glasses 
manufactured,  make  optical  glasses  of  the  best  qualities  exceedingly  costly,  and 
it  is  doubtful  if  it  can  be  made  on  a  large  scale  at  a  profit  until  melting  pots  of 
a  much  greater  refractoriness  and  resistance  to  corrosion  have  been  invented. 
These  would  enable  much  higher  temperatures  to  be  reached,  and  would  greatly 
facilitate  the  manufacture  of  the  glass.  At  present,  electrical  furnaces  appear  to 
be  unsuitable  (see  p.  255). 
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Willt  llir  dr\t'lo|iiiH  III  i»f  srtfiic'r,  and  iIn  itu  K*a.sing  applinatiun  practi<*al  and 
iiuhiNtrial  inattci'-*  luiv  aiisni  a  drinaiui  fur  a  lunnlKT  of  different  kinds  of  glass, 
faul!  having  unr  m  inuu*  spruial  prnpntics  in  adtiiliun  to  thusn  fur  whicli  glass  is 
grnurally  kiiuwii.  I  lirsu  sprt'iai  gl  isncs  au’  t'unvtaiicntly  ta>nsi<li‘r<‘d  separately. 

I‘t«  chemical  purposes  glasHCh  aie  required  wliitii  have*  a  high  degree  of 
fesislaiii'e  U»  tlitaideaK  and  lo  siultlen  eluinges  in  lcmpc*ralure. 

Siiiii  ih  ijmw  iiiaiiiilai’liiiril  !»)  tiifiUH  l»«i  was  titst  »ia«lr  <m  a  cuuimciclal  scjilr  in 

ihv  wuiks  mI  Schott  &  Abbe  in  jriun  luul  luakr  iht*  tnm  GcrS-te  g’lass ;  its  {Icflnite 

h*is  itr\ri  Irrii  |iiil4isliri|  l♦)Mhr  iiianiilurtnrns,  aiitl 'hu}ih>  analysc's  winch  pru^uiut*  In 
l*ivi*  llit>  siir  by  ii*i  inuniN  1*0111*1!,  It  Imwcvci,  aqinillfd  t«»  1»€*  ji  baryta  glass 

r«*ii!atiiii!g  liurir  m  i‘l  atnl  4ltiiniii*i>  with  hlilr  »*i  }jt»  alkali,  tor  bhiglish  Mi!»stitute*s  net*  p.  253. 

For  Steam  boiler  gauges  and  siimlar  pinpuses  the  Sehuu  Verbundglas  is 
^qietaally  iiHetiil,  and  Inn*  a  resiHi  irae  in  i  lu'inital  rcagt  nis  whieh  is  five  <ir  six  times 
as  great  as  llial  of  cirdiiiary  glass. 

This  is  sinilri  ihr  tiaiiu*  DiirtX,  ainl  c.  4  mImsuc 

For  kiiiip  aiid  gas  Iiiiriit-I  chimneys  a  glass  *»!  uxcvpuunal  thermal  endurance 
is  frf|iiiiefh  *is  ihr  lira!  front  «iii  tin  aiidesctiii  manfle  is  i‘\ceedingly  great. 

Ilf*'  |rit4  wtiik*.  |,4\i  iiirirfi*fr  pkit  ril  oil  itir  itmikil  1  liinnu-^  gla^st***  unnlc  of  *1  silicate 
ttliitti  }*»  vii)  ,  aiiti  |ii  ia-i  srirainr  iif  Mitltfrii  io»4itig,  litis  gLt  \  is  irptited  to  have  a 

« uttipossiiofi  I n»  tfCi  pi  I  erni,  silii'ii,  i,|  pei  if-ni,  buns*  amh  4  per  eeni.  antiirtniiinuM 
arid  li  |»ri  »f  fit.  ‘iMibn  I’oi  an  I'ligh^k  stil  »4ilitlr  *.rr  p, 

Cd.issrs  ttliieli  an*  transparent  to  selected  rays  aw  impmumt  in  some 
siirgiral  aticl  oihei  v\ork,  ‘riiiH,  thr  tilira  violei  rays  are  damaging  to  sttme  eyes, 
lull  |irtilreiititi  mav  tie  olilaiiied  by  «''’ing  glass  ‘aitdi  as  iliai  invented  hy 
Sir  Wiin  riiiok«‘s,  \\hieii  itiipn viuiis  in  the  rays  it  is  tle^iied  to  a\oid. 

I'nr  tor  III  fiiw  iffy  »i}d  uilirr  ptirpUM”*,  wim  ft*  it  u  tlr*4rr*l  tu  utilea*  tbr  |M»wcrftiIIy 

♦lifitiir  ttlli'A  vitiirt  a  itortiirU  /Hcftimtnrr,  ami  titailr  at  ihr  jriw  WMfks  malcr  the  term 
Uwol  gimsi,  I',  vaiitablc,  t  Itu  gl  Cl  i»fi  /*h  iliu  nvery  that  ihr  ultra  violet  riiys 

*tfr  iiliip|w|  by  iiirlailie  in  ibr  ida%s,  lr»t»i  bring  ibr  '4ri*ri|»r%i,  soil.i  nest,  uittl  jMitanh  the 

wrttkr%|  Hi  ilim  fr%|tri  I  tv*  rt  Iw^ro  'iilirair  Satkiio  on  ilir’  rontrary,  lias  prt«hu*erl 

a  gbo'-*  wtihli  e»  tqiiqiir  l»i  all  ilir  pliMiugidplin  ally  ariiiiie  r.os  i»y  liisiling  Use  ghiss  with  li  sniKturr 
of  stilplinir  mill  %iil|s|i»ie  *4  »4Hrt,  Ilir  ‘ilvri  is  irtlttrnl  to  ittr  inrbillie  sliile  atal  othmrii  Ihc 
brown, 

Ftir  electrical  insulation,  a  boro  glass  eontaining  baryta  and  lime,  but 
lire  from  alLtlg  lias  liriii  foiiiid  by  Ft  holt  to  be  highly  salisfindory. 

loir  thermometers*  a  wlmli*  series  of  spec  ial  glasses  arc  now  made,  according 
fti  itic  ii4rli<  nil!  |iiifjwisrs  for  wlik  It  itie  itisiriiiiienis  are  to  he  used. 

\bi'4  gbeurs  r^faiwl  siliglilly  »♦«  irpsiiol  iH*r  m  ttiroiiotiieirfs,  %n  thirty  the  ItMrwmeiili  give  11 
town  iruiiifiii  liifiii  thrv  ^lionlil  tlu.  1 111%  |itiriiotirf  ii«4i  b*  kiiowit  iis  tlrpri*  uuiti.  It  ts  must  Hiarked 
Ml  s  rotfUtittifig  ftfifli  |»4»f44i  4tiil  oftli;  gkvir»,  wlitrli  rotitintt  only  mm  of  rheic  oxitkti  are 

btil  iwii  i*t  liir  iiwilr  #1!  flir  jeim  wolks  mr  frrr  fiorii  this  rfefcct.  CfkwM  16  IIL 

*ofoi»4s  *4  07, 1  prr  frnb  dltoi,  4  |*ri  if  lit.  boos  auil,  14  per  mib  soda,  7  per  cerU.  lime,  7  per 
*«}|.  iiiir  o»J  ffri  irrin  aiid  4,5  per  ititb  iihtitimn.  No.  SU  llq  ronhlhiH  of  7i  |rer 

trill,  li  |rf  U*iir  II  |n  frill,  soilii  iiiid  5  per  eriil,  idwmiiia  ;  it  is  very  refractory, 

411*1  is  Urgriy  iivrii  ftti  iitii»5grii  ltirriiii*tijeirf%  fur  iiitsisiiiing  If  iripttatiires  yptfi  500“  C\  No.  i6  III. 
u  ie.rd  itll  fi\ri  firrittmiy  f*»r  ilit  ii«iinif»rnitr  of  llieonomrtrffi  atid  hydiomHyrs.  Moreover,  it  is 
♦ 4ly  WMiknl  til  ihr  \iUm  pipe  oil  4t  i  oiiiif  of  ii%  « oiileffl  «»f  bode  itcid  am!  idmuinii, 

Artiiclal  gems  are  made  of  strass  or  paste,  uliitdt  in  a  dense  lead  (Him) 
wiilt  the  liiglirst  iniitlahle  rtdhit  liviiy,  and  may  be  regarded  as  a  special 
kind  of  ofitintl  gliiss.  Mmt  natural  stones  are  c*rystalline,  atn!  cannot  therefore  lie 
|n?rreefly  imitated  by  any  aiiior|ilioiis  glass,  by  cutting  the  glass  so  that  it  may 
have  iiiiiiliir  fiieets  to  llie  gemiine  stones,  however,  syfliciently  good  imitations  inay 
be  made,  thoiigh  glasi  cun  never  be  as  durable  as  uue  stones.  The  raw  materials 
used  niiiit  lie  i|M*ciaIly  purified,  so  as  to  obtain  tlie  greatest  possihle.  transparency, 
clcariiesi,  and  freedtini  from  cailuiir,  partieulady  for  imitation  diamonds. 

A  ty|ilc3il  wixlure  id  powdrrrd  i|iiiirt/  um  ird  Ifitd  157  p^rl*',  oiustir  puiiish 

54  ptfli,  l#»fic  arid  S  part 4fiil  wliiir  arsiridr  I  pan,  1  lic‘'.r  un*  iiii\rd  i.o*l!  tMgrjhfi,  mrlird  in 
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a  covered  pot,  carefully  freed  from  scum  or  gall,  and  then  stirred  carefully  and  continuously  until 
the  metal  is  too  stiff  to  stir  any  more.  It  is  then  annealed  with  great  care,  and  the  pot  is  eventually 
broken  up  and  the  fragments  of  glass  are  cut  to  the  shapes  desired.  For  coloured  stones,  the  glass 
has  added  to  it  a  small  quantity  of  a  suitable  metallic  oxide  (p.  269). 

Paste  gems  may  usually  be  detected  by  their  inferior  hardness  and  by  their 
lower  refraction.  Chemical  tests  can  seldom  be  applied,  as  they  would  too  seriously 
reduce  the  value  of  the  gem  if  it  were  genuine. 

During  the  past  ten  or  fifteen  years  the  production  of  gems  of  the  same  com¬ 
position  as  natural  ones,  but  prepared  artificially,  has  been  extensively  developed. 
For  these  see  separate  article,  p.  63,  Artificial  Gems. 

DEFECTS  IN  GLASSES 

The  chief  characteristic  of  ordinary  glassware  is  its  transparency,  freedom 
from  colour  and  lustre.  In  the  best  modern  glasses  these  properties  are  retained 
without  difficulty  under  ordinary  conditions,  but  the  ancient  glasses — which  were 
necessarily  rich  in  alkali  in  order  to  be  of  the  requisite  fusibility — suffer  from  a 
species  of  corrosion  which  is  commonly  termed  decay.  This  is  specially  noticeable 
in  the  antique  glasses  preserved  in  museums  and  elsewhere. 

The  defects  of  glasses  may  be  arranged  in  three  groups,  as  suggested  by  Pazaureck  : — 

{a)  Glasses  which  have  been  badly  manipulated  by  the  workmen  engaged  in  their  manufacture. 
Such  glasses  contain  bubbles,  inclusions  of  unmelted  particles,  particles  of  reduced  lead,  caused  by 
stirring  a  flint  glass  with  a  wooden  stick,  striae,  and  other  signs  of  lack  of  homogeneity.  Nothing 
can  be  done  with  such  glasses  when  they  have  once  been  made  into  articles  (see  p.  260). 

(^)  Glasses  which  have  decayed  by  exposure  to  unsuitable  conditions.  The  most  frequent  cause 
of  trouble  in  this  respect  is  the  too  vigorous  cleaning  of  the  glass  with  strong  detergents,  such  as 
caustic  alkalis  or  mixtures  of  soap  and  fine  sand.  Some  glasses  will  be  corroded  if  left  wet  for  a 
long  time,  as  the  water  has  a  perceptible  action  upon  them.  As  the  interior  of  the  glass  is  usually 
softer  than  the  outside,  owing  to  differences  in  the  annealing,  extensive  abrasion  of  the  outer  film 
only  increases  the  tendency  to  decay.  Glasses  should,  therefore,  be  wiped  quite  dry  and,  if  valuable, 
should  be  stored  in  dry  and  dust-proof  cabinets. 

Glasses  of  defective  composition,  this  being  the  cause  of  their  decay.  Such  glasses  will 
devitrify  in  course  of  time,  or  will  develop  colours  which  they  did  not  originally  possess.  The 
development  of  a  colour  after  exposure  to  intense  sunlight,  or  to  some  of  the  more  actinic  rays 
produced  in  electric  lamps,  is  often  due  to  the  use  of  insufficient  decolorant  (p.  250),  but  this  is 
by  no  means  invariably  the  case.  The  colour  may  sometimes  be  discharged  by  heating  the  glass 
to  dull  redness.  The  precise  cause  of  this  coloration  has  not  been  fully  explained  ;  it  is  not 
improbably  due  to  some  rearrangement  of  the  atoms  within  the  glass  molecule,  brought  about  by 
the  action  of  the  light  or  other  emanation.  Some  suggestions  with  respect  to  this  will  be  found 
in  the  section  on  the  “Constitution  of  Coloured  Glasses’’  (p.  267). 

Mattness  or  turbidity  is  sometimes  due  to  the  production  of  minute  hair-cracks  on  the  surface 
of  the  ware  ;  this  may  be  followed  by  spalling  or  flaking. 

Cut  glass  tends  to  decay  more  rapidly  than  plain  or  moulded,  as  the  cutting  removes  a  portion 
of  the  harder  external  film  and  exposes  the  softer  glass  beneath.  There  is  no  remedy  for  this,  as 
an  efifective  reheating  and  annealing  would  destroy  the  beauty  of  the  article  by  rounding  the  sharp 
edges  of  the  design. 

The  decay  of  glass  is  not  due  to  a  contagious  disease,  as  is  often  supposed  by  the  ignorant,  but 
to  the  fact  that  all  glasses  are  slowly  soluble  in  water,  those  which  are  rich  in  alkali  being  the  most 
readily  attacked. 


OPAQUE  AND  COLOURED  GLASSES 

The  production  of  coloured  glasses  forms  an  important  branch  of  the  industry 
of  glass-making,  though  most  of  the  colours  employed  have  been  in  use  for  many 
years,  and  some  of  them  for  several  centuries. 

The  improvements  which  have  made  possible  some  of  the  most  beautiful  of  modern  coloured 
glasswares  are,  therefore,  due  to  the  use  of  pure  colours,  and  of  improvements  in  the  manufacture 
of  the  glass  itself,  rather  than  to  any  striking  discoveries  in  the  form  of  new  materials.  An  exception 
to  this  general  statement  may,  perhaps,  be  found  in  the  case  of  the  selenium  compounds,  which  will 
be  mentioned  later. 

The  question,  “  What  makes  certain  glasses  coloured  ?  ”  is  extremely  difficult  to 
answer.  It  is  not  sufficient  to  state  that  the  colour  is  due  to  certain  coloured 
silicate  unless  the  precise  compounds  are  stated,  and  this  is  usually  omitted,  or 
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i*v!>riss«d  in  vrry  iiuicliint.-  i.itigiun^c  by  wriUT.s  on  this  subject.  'I'lie  reason  is 
Miiijili',  lUul  is  (luc  lu  the  ^ciu  i.il  l■u^^■^•[lti^ll  of  glasses  as  niixtures  of  various 
Mibsi.uicc-.  in  .1  srtui  Ibiiil  st.in-,  ;.r.,  in  the  stale  known  as  a  “solid  .solution”  (p.  241). 

It,  ..ii  111.-  ...niiaty.  ,iir  tn-. ac.  liniig  dHitiilc  flu-niinU  I'otnn.mmls  (though  like 

ilirv  .o.-i,  a  in  .i  |,u„.  M.it.-),  much  of  the  Uiffifully  of  uiKk'r.sUuuUnL' 
Ihni  .  ,.ii.niitn..ii  1^  ao.i.Ud  ;  il.a .  .-.jt.  i.,lly  il,r  ra,,-  with  odomwl  glatssvs.  Tho  dimculty  of 

m  d  i,  jir  iriilK  fhrnural  ronifMnuuls  is,  however,  very 

if.i  |,p,i%hr%  ils*  iim|  4II  ItriMiii*  !m  mih*  rlt-H**  e* tiii|»uuiitls,  s«»mc  beine  much  more  complex  than 

olhrf^  SIS  llirii  Vi*«»|we4iii«i|i. 

,\i i.»  W  .  %v  M.  A-ieft,  if  ii6»i  ;ilb  |*{a<.seH  are  rumposrtl  i)f  a  series  of  ling  eompesunds 
tji.  atiil  4!  mI  ifir  of  rumlniiaiioit  vmituB  metallic  oxides  may  he  mlroclijced  inlo 

llip  iiso*e,  idr  Ilirtr  .iir  iii.iiled  vuili  a  in  the  humithe  uu  pp.  237-23().  It  is  these 

miialiii  oiidr  i  so  * .  ^nhitia?}nn  witli  llse  iitniii  diale  sihc.i  wiiSeh  form  the  chromophore  or 

i4|^cnt  I Ic'*  ■.t1u4i1.11.il  foiimihr  %4  tlure  impnitatit  i^lasses  toppt'r  and 

*;  ‘Hiti-in  iioi\  I  u  irute  .f'liO'd  4  .  di'om  mj,  p,  /fiSd 

nil  lu'U  aevpli^ahtr  lasi  hr  uiidrniuMil  |,^  mmius  of  *aieh  formula'.  Thus  the 

htmuU-  h  i\Ai  titr  airmtiim,  .Muiaiti*  Ifrr  1  opper  :  Urn.  w;^  pHaetl  hy  Wohler  who 

r \!i  .if.  Is -I  iLi"  lorLil  willi  iijs’f  i  Ilf  It  ihriifidf,  and  1*1  /iilhoW"»ki  who  ci*u%'eit<st  it  into  euptous  oxide 
Iw  iiir  IJ5 .  of  .tfj  4I  m|  ii»ippri  ’iid|iti4le.  /iilk«*W‘»ki  has  also  proved  that  porptua 

uud  lu.-i  1*1.4  .  j  t-.ot.iiii  i8if>  |*rr  wlicti  |'lMprj|y  math*,  Hi-.^  reseniehes  ulsti  destloy 

ilr  1-1  ihr  Ijru  iL.ti  I?  r  m  -i  ij;r.r  li4  i\\n  |^la  Or*.  due  lu  the  plusH  holding 

luHa.Ii  m  h.asfrmio,  ju  I,  omrwh.ii  lafei,  Se|»er  foumi  that  many  tlilfereni 

mlori .  r.ot  I  r  pi  -  din  r4  10414  ihr  vaiiK  111O4IUIC  hi  altefiiiif  tile  eoiuliiious  tif  tirin|p  ami  parlieulaily 

th*-  oiimr  i*l  ihr  44 .r.  n/riin*  ittr  iiuMhlr  1*14* s  pMi.  llii'y  may  he  expluiricsl  hy  regarding 
llif  aPuir.  iiooirdiatrly  Ir4  iiiifj  i||r  r**|  pri  in  flir  I’omptumd  m  forming  a  ehiumophtn'c 

pi  ‘op  ;  If  fhr  f,  r'4p  *un|  1*1  irhfjlilfij*  j  i||r  uxygeii  is  lemtiVed  from  this  ehromophore 

f.t-ripan*!  itirijrr.  i.  ^  iiitn  4  dill  pfev  oil  hlick  mas ^  hut  tm  tieaimeut  with  un  oxklant 

Ihr  O-  I  r<4"-l||  n  1/  a-ird, 

ft  t;4.  I  4ij^  hero  pa/’hi.p  lo  tin  let •*!  ttid  wfu  ko  smatl  a  {iiiip4»ttinn  of  coloiuing  agent  could 
riircf  •<  laipr  a  uiti  4t  -I  pjt  |  hj  4  kii  I  1.,  ||l♦wrv^f,  a  iliieet  eonHet|yenee  of' Asch's  theory 
airl  f  411*1  4  f.siflin  c*>!j  r*pe“fe«-  e.  ili.ii  ilir  maximum  |n»vdl»fr  toiiient  of  eolomiug  oxide 

Sh  d*i.rr4e  Oel  tirerjiaisti  ;  it  i  aiii-iiut  l.»t  ifty  iipial  t.  ileleiminrd  hy  the  numher  of  melecules 

,*  hr  iti!f4i*hier*|  i},r  |  fso’ilt  at  iftr  pMini  pir\t»tu4y  itidiraieth  If  analysis  sIiowh 

mufr  iop|.ri  y<i  «4|irf  fiiriulMliiii  *«  an  hr  a'l  <  ^^iiiiiiMdalrd  4I  tlirsr  point*},  the  lemainder  must  exist 
ill  I  hr  lirr  4l.1l*  hii  $0  uvriituiifir  pLe  e. 

Wiilhi  llif  applis  *4  titci  ihrMiy  m|  ihr  i  oic.itiiiiintt  of  ccdoureil  glasses  huH  not  yet  been 
lipplsrd  ifeltvitl«4i|i  III  iiMtn  mI  iht*  pr-^diats  ««!  Kiigitsli  glass  work the  miccchs  met  with  on  its 
applp  4p'4i  to  »4  f  trim, ill  aiwt  I  lent  ft  niipiti  iiirrils  its  fulllier  study  in  this  country.  Ills 

Ira,  1*1  t  *11 -ir,  mar  siiiy  iloti  a  c-haiie  I  pher*  s|i»fiil«l  e«ifisi,i  f xcliisively  of  one  kind  of  compound  ; 

ihr  ioiitfiiH  thrrr  r.  inidrisrr  ih.tl  suinr  ts«|oiiirt|  gli e.rs  Consist  of  a  eofiiyred  glas^  mixed  with 
a  » /d  tiifirss  Sr|p'i*s  iiifiy  rjar.  made  by  atitliiig  i  pei  rriih  of  copper  to  a  glaw  corres|«.incHng 
|.f  iiKaiiJd  4*hr4k**  apftrip.  fu  hr  of  lltn  kiiiil,  a%  thr  rhromeiphore  group  can  retain 

4  prf  ifui  .i|  r4^|.|#rf  m  flir  iiedrceJp. 

|hiiftiii4irly*  lilt*  fipiiiiihiitiiir  fit’  f'fifatirrcl  ghtHHixH  Inm  reached  a  high  degree 
«ii  |ik  ilrrtitiii  ,i|ait  any  anaifatr  kiitiwledge  of  the  chemical  constitution 
til  lltr  glissex,  fur  tfii”  riiliiiif*  t\iiK  ill  ittii*it  iinlatieesi|  be  ftrrmed  by  adding  a  suitable 
III  itir  plus*  iiiixliiie  ant!  thni  mibittiliiiig  thi^  contentH  of  the  pot  or  crucible 
Iti  wli  miitisiiip  nr  irdiiriiig  fliiiies  iis  enperietice  has  shown  to  be  necessary. 
Twm  iiiiiliiiibi  tit  riitiiiifiiig  are  itsrd  :  tftr  f‘oIoiiring  agent  is  mixed  with  tht3  whole 
liiilk  til  ilic  whirti  is  tfirti  known  iis  pot  metal  colouring”,  or  a  little  coloured 
gli  fiiay  be  a|ijilitt!  in  the  stirfart*  of  the  glassy  mass,  this  being  known  as  flashing. 
I’bi'ihiiig  h*  oliviniisly  far  rbeaper  in  soiiie  instances  than  is  pot-metal  colouring, 
blit  with  rtirafi  itiloiiriiig  agents,  iueli  a«  iron,  there  is  little  difference  in  the  two 

itiethotiH, 

A  lliirti  iindfiotl  of  mloiifiitg  glass  cciiwisis  in  painting  pieces  of  colourless  sheet 
With  iimrc  tiitilile  glit^s  to  whicii  suitable  colouring  agents  have  been  added  ; 
tlii»  iiiclliod  is  if^r  the  stained  glass  employed  for  windows  in  churches,  etc. 
After  jiainbtig,  lli«‘  slijw  are  retH?iiii*d  in  a  small  mulllejurnace  so  as  to  fuse 
tilt*  rtifrittred  gla»  wiltioiil  alfrciing  ihr  background  on  which  it  is  painted. 


^  ll  xiiiitilii  Im  fili^rivril  iliat  rwrlt  hr.tigtiR  in  llic  fnrmuk  cimtiumi  Imlh  MtUeem  and  uxygen  alomn, 

the  irMteKsgtiii, '  Si  I  Si‘|  Si  ,  t^iiit;  «i«iv«Wnt  to  Si,/).-.!.  “ii  p.  237. 


/Iv/vri  Gims.  Offer  A’kH  C.'aa.  At^ntunne  Gias>.^ 

*0^,^  irifci^  gO|i|.  iCiMl 
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The  following  colours  are  produced  with  the  oxides  named  below  :~ 

Greet!  ^la.ss  is  usually  produced  by  iron  compounds,  which  form  a  variety  of  shades  according 
to  the  form  in  which  the  iron  is  introduced.  Magnetic  oxide  or  a  mixture  of  ferrous  and  ferric 
oxides  produce  the  typical  “  bottle  glass  green  ”  ;  purer  ferrous  oxide  produces  a  bluish  green  ;  ferric 
oxide  produces  a  yellow  or  yellowish  green,  the  yellow  tone  being  strongest  in  flint  glasses.  Under 
some  conditions  possibly  with  reduction  of  the  iron  to  the  metallic  state — a  purple-red  colour  is 
formed. 

Chromium  oxide  also  produces  green  glasses,  but  they  are  more  or  less  yellow  if  the  conditions 
in  the  furnace  are  unfavourable.  It  is  usually  added  in  the  form  of  potassium  bichromate,  and  care 
must  be  ta.ken  not  to  add  excess  or  it  will  render  the  glass  turbid  without  giving  it  the  desired 
colour.  1  he  so-called  chrome  avetiturine  is  made  by  using  an  excess  of  chrome,  which  crystallises 
out  in  the  form  of  minute  green  crystals,  reputed  to  consist  of  chromic  oxide.  Copper  oxide  also 
produces  beautiful  green  glasses,  providing  it  is  fully  oxidised.  Mixtures  of  chrome  and  copper 
were  used  for  the  green  wine-glasses  of  the  Romans. 

Blue  glass  is  sometimes  made  by  adding  copper  oxide  to  a  glass  rich  in  silica  and  alkali,  when 
a  rich  sky  blue  may  be  obtained,  but  the  chief  agent  for  the  production  of  blue  glass  is  cobalt  oxide. 
So  powerful  is  cobalt  that  o.  i  per  cent,  of  it  will  produce  a  deep  blue  glass.  The  colour  is  changed 
to  violet  in  the  case  of  soda  glass,  and  to  sky  blue  in  the  presence  of  a  little  iron  or  copper. 

Violet  glass  is  usually  made  with  manganese  compounds,  the  composition  of  the  glass 
affecting  the  colour  ;  thus  soda  glasses  are  reddish  violet,  potash  glasses  are  bluish  violet,  and  so  on. 
The  colouring  power  of  manganese  is  somewhat  weak,  and  upwards  of  6  per  cent,  is  generally 
necessary.  Manganese  compounds  are  very  sensitive  to  reducing  agents,  and  their  colour  is 
generally  discharged  if  the  glass  melt  containing  them  is  subjected  to  reducing  gases.  They  are, 
therefore,  a  valuable  means  of  decolorising  some  glasses.  Nickel  oxide  produces  violet  glasses, 
but  is  somewhat  uncertain  ;  the  best  results  appear  to  be  obtained  with  potash-lead  (flint)  glass. 

Brown  glass  may  be  produced  by  nickel  in  a  crown  glass,  or  by  a  mixture  of  manganese  and 
iron  oxide  in  other  types  of  glass. 

Yellow  glass  is  commonly  produced  by  means  of  iron  compounds  in  the  presence  of  an 
oxidant,  such  as  manganese,  by  the  addition  of  an  excess  of  red  lead,  or  by  the  use  of  uranium 
oxide.  Finely  divided  carbon  (charcoal)  also  makes  glass  yellow,  especially  in  the  presence  of 
sodium  sulphide.  Sulphur  compounds  are  valuable  colorants,  and  the  yellow  glasses  they  produce 
are  specially  useful  inasmuch  as  they  are  selective  in  action,  and  do  not  permit  ultra-violet  rays  to 
pass  through  them.  For  this  reason,  they  are  valuable  in  glasses  used  for  storing  liquids  which  are 
sensitive  to  light,  such  as  beer,  soluiions  of  silver  salts,  etc.  Lead  antimoniate  is  sometimes  used 
for  glasses  with  a  yellow  opacity. 

Black  glass,  like  black  porcelain,  is  unknown  ;  the  nearest  approach  to  it  is  a  very  dark  violet 
or  blue  with’  some  brown  in  it.  Such  a  glass  may  be  made  by  mixing  cobalt,  manganese,  and  iron 
oxides  with  the  glass.  A  dark  hyalite  glass  is  also  made  by  adding  ferric  sulphide  to  bottle  glass  ; 
the  sulphur  and  iron  combine  to  produce  a  glass  which,  for  many  purposes,  is  sufficiently  dark  to  be 
regarded  as  black. 

In  borax  glasses,  copper  oxide  and  manganese  dioxide  give  better  results  than  manganese 
dioxide  and  cobalt. 

Pinkish  shades  are  frequently  made  by  flashing  with  a  thin  film  of  red  glass,  but  pot  metal  can 
be  coloured  pink  with  tellurium,  or  with  selenium  compounds. 

Red  glass  may  be  made  with  either  gold  or  copper  as  the  colouring  agent.  An  extremely 
small  proportion  of  gold  is  necessary,  and  it  is  commonly  understood  to  be  in  the  form  of  a  colloid 
or  suspension  of  the  metal,  the  particles  of  which  are  so  fine  as  to  be  distinguished  only  by  the  ultra¬ 
microscope.  Zsigmondy  estimates  their  diameter  at  0.00001  mm.  One  of  the  best  methods  of 
preparing  gold  ruby  glass  is  to  precipitate  the  gold  with  colloidal  stannic  acid,  and  to  add  this  to 
the  glass.  A  yellowish  glass  is  usually  formed  at  first,  but  on  reheating  it  turns  to  ruby  ;  the 
heating  must  then  be  stopped,  as  prolonged  or  excessive  heating  spoils  the  colour.  Copper  red 
glasses  are  of  several  kinds ;  three  have  already  been  mentioned,  and  their  formula  given  on 
p.  268.  The  best  results  are  obtained  with  a  flint  glass  to  which  a  small  proportion  of  cuprous 
oxide,  a  little  stannic  oxide,  and  a  reducing  agent  are  added.  The  glass  produced  is  almost 
colourless,  but  its  colour  is  developed  by  reheating  in  a  muffle. 

Silver  stain  is  a  term  applied  to  the  yellow  colour  produced  on  glass  which  has  been  painted 
with  a  mixture  of  clay  and  silver  nitrate  and  then  h^ted  in  a  muffle.  The  silver  penetrates  the 
surface  of  the  glass  and  produces  a  permanent  yellowish  stain-  This  method  is  extensively  used  in 
the  production  of  yellow  signs  on  a  transparent  ground. 

White  opaque  glass  is  made  by  adding  an  insoluble  white  oxide  to  the  glass.  There  are 
several  substances  available  for  this  purpose,  the  chief  of  which  are  cryolite,  felspar,  fluorspar, 
calcium  phosphate  (bone  ash),  tin  oxide  or  even  siHca.  The  best  opacifying  media  are  those  which 
dissolve  Wpletely  in  the  molten  glass  hut  devitrify  or  crystallise  out  on  cooling.  The  crystals 
must  be  extremely  minute,  and  in  many  cases  they  are  so  small  as  to  render  it  doubtful  whether  the 
opaque  material  is  not  amorphous.  Tin  oxide  is  an  exception  to  the  rule  just  stated,  ^  it  is  ®.n 
e^llenf  opacifier,  but  does  not  dissolve  in  the  molten  glass  to  form  a  clear  solution.  The  oxides 
of  antimony  and  arsenic  are  also  used  as  opacifiers.  Opal  and  alabaster  glass  have  a  smaller 
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Uses  of  Coloured  Gtiiwi  1 1**- gir  i  -t  i.-  4 i.  u'.r  .  1 1  u,  -  g'i»«  »»f 

fann*  ai!n  It  4,  ill ’'4411  Ufgr ‘|4.i<il4r  i  4f  i  .  <  >  ^  I  4*.  -  i  i  .&  i  I  ii% ^si  1  r|-,  .wiivr 

wurk,  I  lull  ’4irr!  i  *1  ttinff  4%  »,  »  *  :  14"  f  wi.  W,  A.r  4!'  Uig.ii  w  t4  gi  ^ 

sitbsliliilr  kii:  gli/ed  ^  fuv*  <4  *  ,  ri;'r..||  ‘*4*4  >*“.  n...t  .«}i!4t|«ii 

am!  liratiliir^s  Ai**  l«f’t  ifii|*^*fl«in r  Ir.  .<an  an  ^  H  *  r  r,  i^r*  iirt.  4  liifn 

\hrrls»  am!  itir  '»iiu'r  <'»  AiUimdlw  w  1  -nan  1%  llr  ^  i  i*  a ,  *  ^4  f  sVmlr4  ii.r, 

AiIK  If'*  f»»l  whir  Hf  |*i%f  |wl|%  \rt  '^4%  If4%  .I"  4*  -  lit  lh>r‘iH  hi  rm*  tin.  sif 

ftdMaml  gU‘.»i  a|i|4fr4  H  i|ir  f«.ilri  dnung  '/^  '^1  ^  '1  ^n  £  'ani  44  Tlnu  a 

picrr  Ilf  «i|t.it|iir  HI  ii»ii»ttir4  g!A^%  t.f  Hu4.f  ^  "  -  '«<  **  a  ftt  f*.#’  ‘4  li,  Aiwi  tiy 

twi^fiiii:  the ciflHiirnl  ijk.^  Ill  WAV' ni4fH  ia:if  s>sr  h  »  w  1  iimi,  <  «*  gi*  tln.-rihfi 

a  Mflipk  tiiatiltrt,  H«#itir  «!  llir  'a  »4'  I  4.*^  ^  ,  ri  t  \fi4  1  a-  Ih*  |/rrii 

illf|mHteii  rilliif  ill  llm  hIiII  *4  ilir  ?  n*  *'Ik  *  ^  n/*  •  tk'Mgn  4ir4.  tlin 

icotiriity  4l  liir  I'lr-rfit  iky  $%  t  ^  .u  --i-  4  hi  a  r  tg-  i.j.t  4f$>i  i  1  aj  i||-  „|  tm  m 

largi'i  aiitl  Hiiii|»lrr  isyr/if'., 

A  ritiii|i4i«4tivrl|‘  urn  ti^r-  n-'  4*  *,  1  .  >ii  n  ^  *'/r’s  ?h#  waIU  if  fint*!*!, 

Thr‘*»r  Mr  laiHWii  l»%  \4fnnn  lain  %  fuiiK-*  ^#4is'4%'*  ICfffttfl#  <* '  4  '*  4  ^l#r  ratli  *4  .--■f  tltr*<r 

Ifimn.  TItf  itt'ilriiAl  t*  fii.nlr  1%  I  ta  <  .  4*^  4  /  nt  •  m  *'  fgrii  i|j4tir  f,i|mr»y 

oriiil  il  fti  p',  %Mlttiirt4lH  hjiitl  4iv  .fii  Ah  !..£'**""  It  •  n  fi  4,  >  »hau^  /,  ^’14  -'I  in."  ny*l4h 

iniwiiiir*  A  iimtriyl  it*  hi  *4^^,  44, r-,  ,,4.,  ,1  i-  6.,w  .imf  ^4  » ^liially  |4*.‘4 

jtp|»r}«#4ii<  r.  lU  iiilliKg  tlie  M  ^  I  .,4.?  $.  <  n  '  t  -  '  s  i«  I  .‘.ffangmg  4iriii  4*1 

il  Irrir#i/iP  Mf  |i  4?.>h/»iti  ■  m  '  .  |i  ^-4  ilrii  Ir 

llliifftl  liy  iiirA»*i  *4  »i  ii<  ilif  wf  lan'-lr  ^ I*  f'inti  llu  |*l4 

iif  hnnltipl  miinit  iiiHiln  iprtf  !»#* 
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|,  lllonwh  **  i4rllir*^  lir*  tll.-'ij  in  4r|  i  grti  afi4  4nf  nii'l 

ViiAi/i;U‘<**t  iriigtiiig/  iliilh,  ^#iH 

|,  l\  ll«it  tmit  I’ V.  **hrvrt4!li  Inll.  <  .ntgiffc^s  A|  |4h  ii  1  If  *  |i|. 

i\  **  ^Iryllwgliai  riirim.  i  %'Hirrtiia4  '  l\  3,  44?^ 

Am*?%.  /hi#/ /  fi« If  r*  \i  1 1  i  fch  I  II  .  1*4 

Miiflrrii  Idniilir**  tfir  itir  jwt*iliirin#ii  nl  ?  %t'nriiiiF4H  li4ii|»rhiliiif^^  iniiiii 

tht*  Ilf  iiwlciiith  M  t»lir  liiiir  t  «fi%iilrirtl  tpilr  «ilii%;l4t4  4iiiJ  ulliit 

f4iif»Uiirr?»  mm  «}il;iiiitililr  in  rniiititrP'wi  i|ii4iitiiir4  .m  #1  irnnll  »if  tin*  r^i‘4<4ini?  of 
tbm*  fariliiir\  ii  t|iniri/  i»r  ’liititl  wliit}i  Iw*  lirrii  lify»i.:li!  tn  4  441**  of  sriniliiwtiih 
fliMi,  till  rtiiitiiig,  f«riii\  il  %iilr4i4litr  mth  111,1111  of  llir  fiiiijirfitri*  »l‘ J 

Thttr  h  1  fiimttlrwtiif  iliirf%tfy  rtf  <1*141^  1  4%  J..  ^gnV#  ^ ..  ii  a  msfrimt  %lrt4«i4  hr  ffttird  a 
**gla%%**  illA%liilirli  «'s  fl  il  a  aih^V  <|fi4  1^4  |rfM4n  **4  4%  iil  *«  i4 

a  lm%e  no  |  Tlif w  *li«  insti  Iii%r4  i  4  tHrt  h4  4*#  |  Iiihis  4I  |4*  4I  *He»  wtiihl 
llifi%i*  fihjrriitig  t«  litl%  Irrm  tlii  ¥*  *m  ilir  w#»tii4t|  » f  *lwii«n4l  /  In 

tif  tegittlnl  iw  tlrfiiitle  i,4tt%  til  itir  ai'iil  If  o  «n'4f  lli#t  lls»‘  I«»r4  stliK*  $11*1.4  hr  irgaidni 

tile  itttliyiltiiif  rtf  lilt*  >*4fiie  |y|#r  h|  tifi  wiinli  !  e  frl#!*'«i  i  h  <li»*  l*iii  w  |fl 

rltrmiflll)^fll%tllirl  ff#*|ii  llitttl.  At  tlie  Isiih*  h  ihf$r  ',9  s  titling  Ort4rfi*V  iO  %rt«ir 

irieiitilk*  I**  ie|»ilfti  Ilir  trini  4-infiori4f|'  4|<|4H«l4r  !«i  iiaoihn  «f 

with  ii|i|irimittialrly ‘4tiiiliif  fdif  oral  |*iti|#f!ir^  fhrslt$rt  it#i»  ilf^t  .iir  aitirtf|4irtt«  aitd 

tiigWy  vhtnitiH  siitiii»4irr%  tiliiitiiifil  H  tlir  irkiitrl^  i.i|.t4  ^  m4ir*g  ^4  4  Iti«r4  Hi#,  li  a  tirliiiilirtit 

t»i  it^  iwes,  kit  it  Iriiflf  tt«  owiir  laiiiinoHis  iiitfi  ihr  ifn/ti  mhali  Mr  mmtrif  .|itlrtri4  ItHiit  it# 
gk%tt*s  -aoil  ttiili  a  fiiiitiWr  *4  «ilri  yih^ofirra  .|  4U  *  rj$$rh  djfririi!  *  ^mi  h4$ii»i4  aii4  foigifi, 

Fused  silica  iHSittikilly  tif  almost  |#is!r  ,  ilioiwji  nfieii  trriiircl 

**c|iiaru  ihii  w  iiiriirrf*it«  fur  ilio  m*mt  ***|ii4fi#"  rrltilr%’ in  i4ie  of  the 

CTystalline  fomn  iif  wliriii  siwl  ofi  lii^ton  u  hi%r%  ih  tlhiiiigiii^liiiig  jirii|it’rliH%|  anti 
IR  ^therefore  more  dr^iratily  ktinwii  tiy  ;i  irrnt  ifidi*  iitv*  ni  tli  *  oi«i|«wilkfii,  l^jr 
llii«  piirpcihe,  •‘fuwd  h  rfiiitriiirfit  anti  ^iiihilikH 
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II  is  ii««t  ftiU'is'i  Uii  irptrsrist  t!ie  t»i  {his  fusrtl  silica  !»y  the  synthol  Si{)„>  ais  it  is  in 

all  pHitt.ihility  a  t*f  silica  f«»i  which  the  syinlHit  (Sit  l,h  is  nu>re  cturrert.^  It  is  ntH 

at  pu'Hent  liimrvrs,  it»  slaltyllie  luiineritnil  %‘aUie  ot  a,  nt»r  the  munlrr  of  siUciui  attmis  in 

a  nuileeiik*  of  rillirt  t|tiafi#  or  fiisrtl 

llic  K^assy  naiurr  uf  fuset!  has  Inrit  kitcnvii  fur  many  years,  but  the  use 

of  an  oxy-liycirugen  thuiu*  fta*  its  |ucHlurtiun  was  ronsidered  to  Ik*  too  costly  a 
process,  Hti  tliat  it  is  only  nrently  that  its  valualilt*  prtjperties  havt*  been  recognised. 

The  easlirnt  rrrtiitlnl  ««f  aritelf?4  hum  fteanl  ^aliea  is  that  by  in  1830,  iiml  tliis 

was  h»lluwril  in  iKCki  by  ttiiiiirr  wliu  pirfiapsl  raftilhuy  luben  fr<»m  thi%  nmteriah  The  first  in 
thi*»  cuiKiny  tu  rri'ii|»rii''ie  ilir  vahir  ul  htwii  silica  wan  1‘rufesstjr  Buyi,  wlm,  in  iKHt),  prepared  fine 
threads  uf  the  iiuUrrial  h*i  me  in  the  iiiric4iremrnt  of  mirnile  fuier'i,  In  Shenstnne  exhilated 
a  iittitdn  uf  aificlr**  fd  fn*irtl  liitiea  in  a  Irrlure  before  the  tnrmbers  uf  the  Ruyul  Institution,  and 
ill  the  full«»wiii||  year  ItrrariiH  i|«iie  indepriidenlly  prepared  a  number  of  other  lutldes  from  the 
!iaitie  tnalrriiib. 

Since  that  limi,'  cnontifiiis  progress  has  het*n  made*,  and  the  following  firms  have 
gained  a  world  wide  reputalion  for  tlieir  protlucts : 


fni.  tJ«  -A|i|i»r«firt  tiiide  Ilf  TritfW|titreiti  Filled 

iiip  tif  Mmm  TkiSiikm  Xjimtiimii 

Thi  SilicJt  Sf»dic«t«  Lti»t  work  In  ronneciiun  with  in  litiproveinent  of  Shcnitone*» 

liirllnd,  Mid  a  rkar  aitii  ‘‘gliHS.’* 

W.  C.  C.W.h,  H.i  Ilafisii,  tuci  ilte  mriliotl  tle¥iM?d  by  lleraeiw,  tnd  also  prcalueci 

a  rktir  mid  lrtiw|mft*itl  "gfaisd* 

Dtalsche  Qimwft^tlichafl,  m.h.H.,  Betid  on  Rhiiir,  Vuelker'i  mctluKl  (p,  273),  in 
wliirlt  a  rltmdy  *'  '*  ii  |ito«ittfrii» 

Tht  XhtriBftl  Sjadkalc  LI4.,  Wall‘«*fitboicTyne,  me  J.  F.  Itftttomley%  prorew  {p.  373), 

mid  ako  prodtis’r  a  wiiii  iiAfi'»|wteiii 

Silicas  ilicir  first  iiice|iiioR,  the  mellmds  of  all  ihmi  firms  have  been  greatly 
iiiiprtmal,  btii  for  uhvium  masons  many  of  the  improvements  have  been  maintained 
as  trade  seconds,  ci|ircially  m  regardn  the  preMlucrfion  of  the  largest  {uecei  of  ware, 
III  any  rasi,%  the  prodiiriiofi  of  such  ware  must  Ik*  exceedingly  difleult,  as  the 

*  Tliis  Is  d  fi#*itir4l  of  itii?  hrxiie  ihrory  prrvt«niik  mentioned,  Imt  it  has 

Iwra  ruiifititted  r^prfiiiiriiially  t*y  cb  Mat  till  A’cjfu,  CXIL,  ot),  who  hai  shown  tlwi 

|irefi|»llilril  silica,  tkhydwietl,  tlir  iitiiitiiiiim  foriitttk  SMha  (see  ftMitnotc  on  p.  238). 
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temperature  required  varies  from  i,  7oo'‘-2,ooo‘'  C.  Briefly,  the  four  firms  mentioned 
work  as  follows  : — 

In  Shenstone’s  process  (now  obsolete)  the  quartz  is  heated  to  i,ooo°  C. 
and  is  then  thrown  into  water ;  it  is  then  reduced  to  a  very  fine  state  of  division 
without  the  particles  falling  to  powder.  The  loose  mass  is  next  heated  in  an  oxy 
hydrogen  flame  until  the  jiarticles  melt  one  after  the  other  and  form  a  solid  mass 
of  “fused  silica.”  This  mass  is  wrapped  round  a  platinum  wire,  and  the  coils  are 
heated  in  the  oxy-hydrogen  flame  until  they  fuse  together  and  a  tube  is  formed. 


Fig.  13. — Evaporating  Basins  made  of  Transparent  Fused  Quartz. 

{By  courtesy  of  Messrs  The  Silica.  Syndicate  Ltd.) 


Fig.  14. — Apparatus  made  of  Transparent  Fused  Quartz. 
{By  courtesy  oj  Messrs  The  Silica  Syndicate  Ltd.) 


This  tube  forms  the  basis  of  all  further  articles  which  may  be  made,  as  it  can  be 
melted  together  at  one  end,  blown  into  flasks,  etc.,  and  generally  worked  like  glass. 

The  Heraeus  firm  heats  quartz  for  some  time  at  570“  C.,  which  causes  it  to 
break  up  into  small  pieces,  which  are  afterwards  fused  in  crucibles  made  of  iridium. 

As  this  metal  is  costly  and  the  crucibles  are  strongly  attacked  during  the  fusion,  this  method 
(like  that  of  Shenstone’s)  is  very  costly.  Quite  recently  this  firm  has  patented  the  use  of  a  mixture 
of  zirconia  and  alumina  for  crucibles,  and  is  using  such  a  mixture  at  the  present  time.  Carbon,  lime, 
and  clay  crucibles  cannot  be  used  ;  the  first  reduces  the  silica  to  silicon,  the  second  and  last  combine 
with  the  silica  and  form  a  slag-like  material. 

The  fused  material  is  worked  like  glass,  and  flasks  of  50  c.c.  capacity  can  be 
blown  without  any  trouble.  Means  have  also  been  found  for  casting  the  material 
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in  iridium  uumkis  so  as  t<i  tibiain  hollow  cylindurs,  which  arc  afterwards  blown 
and  worked  in  the  o\y  liydrttgcn  flame. 

Thin  fsna  ili4l  it  vmi  iiitHUi’T  in  tinictl  silica  Jill  nrtlrlcH  wlucli  nun  be  made  in  ordinary 

glasH  witli^  an  uidm.irv  lilnw  lyiiji,  |n«‘vidinl  tisal  the  thmesoitao  dcsireii  arc  not  ttso  large.  The 
l.uge^a  ailiele  m.iih'  bv  ihin  linti  in  Iu.imI  *,iliea  in,  v*  fai  a^^  the  writei  is  aware,  a  tulje  50  in,  long 
and  2  in,  dunictei, 

I'he  Qiiarzgesellschaft  and  the  Thermal  Syndicate  are  able  to  work 
much  uHU’i*  chi*a|i!>  llum  ihtjso  just  mentitmed,  and  tlu*  h\iv  of  the  articles  they 
producT  apprarH  to  be  iinlimiicd,  coils  tif  piping  over  3  ft.  high  and  basins  2  ft. 
in  tliamclcr,  having  hci*n  shown  by  the  latter  firm  at  tlu;  International  (longress 
of  Applied  t  in  Londim  in  1910.  llm  d'hermal  Syntiit'tUe  use  pure 

i|uarl/.ose  sand,  wliicb  is  healed  cletiri<*a!!y  liy  means  of  a  specially  devised  furnace, 
one  i*k*«lr«ide  of  which  is  embedded  in  the  santl,  whilst  tlie  sami  itself  forms  its 
own  crucible,  as  iliai  winch  is  fiirlhcst  fnnu  llie  elccircHle  remains  imfused.  The 
matmial  is  never  taniiplelcly  fused,  but  is  raistni  tc»  a  state  of  semid\isi<m,  so 
tIuU  the  iiialidial  ptissesses  the  ret|uisite  mobility  for  it  U>  be  wtaked  like  glass. 
Like  glass  whic'h  has  hreti  iiiipiuleeily  eksired,  it  is  cloudy  and  only  semitransparent, 
being  permealed  with  ntifiieroiis  bubbles,  wliilst  the  siirfacv  is  vtay  rough.  'Fhe 
i'\ternal  roiigliiiess  may,  to  sonic  e\tenh  be  removed  by  grintling.  Tlu*  process  of 
nuiiufaeliiii*  i-,  prolericd  by  vatTniH  paliiils,  of  which  10,670  and  18,434  (1904) 
are  the  iiiosi  iiiipciilaiil, 

'Hiis  wmr  is  kiiomn  by  the  Ir.uk  name  of  irltreosil,  and  has  a  pretty  pearly 
histrr  in  the  sitiootlirsi  p.nis, 

1*iir  liUliiri'tiii'i  btilililf*"*  If  iSiiiLyio  nie%rfil''4  it  hrtlig  iwl  ft>i  iipiteid  lUid  fbr  phntti 

fiteiiiiisil  wiirk,  rtiid  draiiiijtiidir  ^  if  at  oner  hum  the  |ierlerlly  clear  ware  pfuduml  by  the  Siliai 
Syitdiottr  ihr  flrrsti'ics  ihe  Ltlei  tieiii|;  disirri  than  muelptd'  metl  ha 

libtifaliay  In  .idililitiit  il’i  ineaiiii»iblr  v#diir  111  the  chemicid  iiidu%ttifH  deultiig  witk 

aetd-*  *tii4  Mitiri  rltriiitcrtl'^  nf  *4  rt>ir»r,}ir  ii4liitr,  iritrcosil  h  fur  nianv  deet»rativ«*  |mr|Hv-,es, 

ilH  pfMily  licilre  vriy  4ii«!  t|iitie  ihiKiblr. 

Voelker’S  process  diffVrfi  fr«im  that  used  by  tile  I'bermal  Syndieult\ 
chiefly  in  the  efuisiriielitni  of  the  furnace  iisctl ;  dtlails  are  given  in  the  Patent 
SpeeiliealioiiH,  sjh.i  Ci9C3^7)  and  iHjij  (i9«9)»  d*be  fused  silica  is  moulded  in 
iron  moiikis,  a  hollow  cylinder  with  one  end  elosed  being  introducaal  into  tlm  laitiT, 
a  pellet  of  w*el  paper  m  drctppecl  into  the  cylinder,  and  the  open  end  k  immedkitely 
closed  tiy  prcHSiirr.  I1ir  water  in  the  paper  imiiiedirilely  causeH  the  production  of 
luigi?  qiiwiiiiies  cif  sicaiii,  sufficient  prcisure  to  make  the  viscous  mass 

flit  tilt?  itioiikL 

The  c^liiarqiewiLeliitfi,  wurkttin  Vm4ht^t%  imlrtiN,  elaim  thnl  niiiopiirfat  futctl  iiliea  fan  l^r 
|ir*»4tifrfl  by  tlieiit  iiiitln  faviiiitiibir  fuitflttiiiiis,  tliutigh  llie  bulk  i»f  ihcir  pruduet  is  only  semi 
Inttlspireiil  »li<l  eiuirh  irwiiihfe 

«,  J*  S,  Sm4  |f|i  J|  iititaiiii  ijiiart/.  gliisH  free  frum  hiibblw  by  tmekwing 

ih^  rriidiefi  uf  f|itriirliri|  rrytiiil  ift  it  tiiglily  evieiiitlcf-l  riivfliipe,  unci  indling  the  whule  ma.«  in 
till?  fleet  fir  fiiriiiii:i?. 

Apart  froiii  tin*  iialeni  specifications,  the  Irent  deseriplions^of  the  various  methods 
of  fusing  silica  will  lie  foiiwl  in  llronifs  **  Klektrisc?lie  Ofen  in  Dienste  der  kerarn 
iselien  C#ewcrliii  iitid  der  Citas'  iiiid  bHiar/,gltser'/,eugung  (Halle,  ^910). 

The  chief  properties  of  fused  silica  are  its  complete  resistance  to  water, 
acids,  anti  neutral  solntions  (camipare  Glass,  p.  246),  the?  only  exceptions 
being  hydriilliiciric*  add  mid  Imt  phosphoric  acid,  and  their  magnesium  anti 
amriioiiiiini  Cfiinpoiinds, 

All  alkalis  attack  ftwed  iiliea,  and  most  metallic  oxides  do  so  at  a 
suflidenily  high  lemtmraluri!. 

Ifiiiceil,  «ii  wrtoilivt  w  itic  ctfar  fti«<i  milieu  l«  alkalit  lhai  the  small  proporlitm  in  human 
iicrMiiritiim  which  k  left  by  i  clfaii  pfecc  nf  ware  whli  the  finfierM  and  then  hetuing  m 

lirigfit  rwliitti  it  iiifikieril  Iti  IcAft  ttiirks  <in  the  wire.  For  thw  nmttm,  lleraeus  recommends  ihai 
fill  the  ware  thtnikl  Im*  rililictl  with  iilc-tihol  iRitiittiiaicly  lietore  w«c. 

Fused  silica  ware  must  not  be  healed  In  contact  with  asbestos,  as  it  combitu?s 
with  it,  tint  ihciuld  be  supported  on  triangles  or  other  supports  made  of  vitreosiL 
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At  1,000°  C.  fused  silica  ware  becomes  pervious  to  gases,  though  less  so  than 
platinum.  At  i,6oo°  C.  it  softens,  and  so  is  unsuitable  as  a  container  for  substances 
to  be  heated  above  this  temperature.  Prolonged  heating  at  1,200°  C.  induces 
devitrification,  especially  in  thin  ware ;  short  exposure  to  a  much  higher  tempera¬ 
ture  will,  however,  do  no  harm  in  this  respect. 

Fused  silica  ware  is  chiefly  characterised  by  its  remarkable  resistance  to  sudden 
changes  in  temperature ;  this  is  due  to  its  exceptionally  low  coefficient 
C  of  expansion.  Consequently,  silica  ware  may  be  made  white  hot  and 
then  plunged  into  cold  water  without  being  affected.  The  coefficient 
of  expansion  between  0°  C.  and  1,100°  C.  is  0.5  x  10“^. 

Thermometers  made  of  fused 'silica  are  stated  by  Siebert  and  Kuhn  to  be  entirely 
free  from  all  depression  phenomena  (p.  265) ;  this  is  a  natural  consequence  of  the 
absence  of  metallic  oxides,  which,  by  their  change  of  position  in  the  less  stable 
glasses,  produce  the  alteration  of  the  zero  point  in  thermometers  in  which  such 
glasses  are  used, 

B  The  density  of  the  clear  fused  silica  ware  is  2.22;  that  of  the 
vitreosil  and  similar  ware  is  only  2.08,  on  account  of  the  contained 
air-bubbles.  Its  refractive  •  index  for  the  D  line  is  1.4585  according 
P  to  Abbe,  and  its  dispersion  (C-F)  is  0.00676.  For  ultra-violet  rays 
^  it  is  more  transparent  than  any  other  glass — even  than  Uviol  glass 
(p.  265) — providing  that  it  is  clear,  but  even  a  scarcely  noticeable  seedi¬ 
ness  renders  it  opaque  to  these  rays.  The  use  of  clear  fused  silica 
ware  in  connection  with  the  mercury  vapour  lamp  by  Heraeus  has 
provided  a  source  of  ultra-violet  light  of  remarkable  intensity,  and 
^  has  greatly  facilitated  the  study  of  photo-chemical  reactions,  such  as 
the  formation  of  ozone,  sulphur  trioxide,  hydrochloric  acid,  etc.,  from 
their  elements. 

Considerable  advances  in  making  vacuum-tight  seals  for  these  silica  glass  vacuum 
vessels  have  been  made  by  Dr  Henry  Sand  of  University  College,  Nottingham.'^ 

1^  This  process,  as  w^orked  by  the  Silica  Syndicate,  is  as  follows  : — 

^  A  quartz  tube  is  shaped  as  shown  in  the  accompanying  sketch,  and  a  molyb- 
P'lO.  15.  denum  wire  placed  loosely  in  position  at  A  and  a  piece  of  lead  at  B.  The  air  is 
'Sand’s  Seal.  expelled  by  means  of  a  current  of  hydrogen  and  the  glass  closed  at  c.  The  air 
is  then  exhausted  from  D  to  a  pressure  of  a  few  millimetres.  The  glass  at  A  is 
now  softened  and  pinched  on  to  the  molybdenum  wire.  The  lead  in  B  is  then  melted  and  allowed 
to  filter  into  the  space  below,  which  has  been  highly  heated.  If  necessary,  this  operation  may 
be  assisted  by  shaking  and  tapping  the  tube.  The  end  c  is  now  broken  off  while  the  metal  is 
still  molten,  so  that  the  atmospheric  pressure  forces  it  well  against  the  surface  of  the  glass.  The 
tube  may  then  be  cut  at  e  before  the  lead  has  solidified,  and  a  tinned  leading-in  wire  may  be 
introduced  into  it. 

When  made  in  this  manner  the  seals  have,  so  far,  never  been  known  to  fail.  They  have  been 
fitted  to  cathode-ray  tubes  and  mercury  lamps. 

^  H.  J.  S.  Sand,  Vacuum-Tight  Lead  Seals  for  Leading-in  Wires  in  Vitreous  Silica  and  other 
Glasses,  ”  Phys.  Soc.  of  London^  Vol.  26,  Part  2,  Feb.  15,  1914. 
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Kmamfi.h  air,  ^'4rir||y  %|icxikiii|.;,  pJa/pH.  tnu  tli*-  tmii  in  nwil  scniu’wliat 

lutisrly  III  iiHliriiir  iimiiv  iiialrf wliirli  i^ivr  ii  Hurfiic4*  to  any  artiiirs 

wliirli  tliry  arr  itfifiliril.  *riiii%  ilir  japanS  otir  rkiiH  of  rihiinrls  whcwe  basis 
IS  nitirrly  vrgrialiir  fsrr  **  liHliisirial  (,.!liriiiislry :  Organir,**  |i*  49),  ami  thr  ti*rin 
enamel  is  rxinisivrly  iisml  with  rrfrrrntp  in  a  niiftibrr  cif  viirnihlies  iippliccl  to 
ariirks  wiili  nr  witluml  HiilHri|iiciil  lirai  iriMtirirnt.  In  other  industries,  and  among 
those  iiersoiis  wliii  are  rareltil  in  llie  use  of  leiiiis,  the  wc»rci  enarnel  Is  only  iipplitfd 
lo  siilwinnt'es  III  wliiili  it  glt.ws  is  given  ill  etiri»i.*f|iieric*e  tif  the  fiarticles  aimtioslng  the 
siirfkre  being  lir..ilrd  In  stirti  n  leiiiprriiltire  itiaf  fusion  has  occurred,  unci  a  glassdikt* 
iiiiiterial  fiirtiimi  When  iwed  with  even  greater  strimness,  the  word  enamel  relates 
rseltiiively  to  opaquie  siilisiiiiires  of  a  gtiissy  iwiurtx  llius  11  coaling  of  tdair  glass 
or  gla/ii  iiiigiil  iifii  to  be  regarded  m  an  eiiitiiiel,  though  much  enamelled  jewellery 
in  of  this  kind,  the  iiietiiliie  basis  beiitg  olwciired,  hui  not  hidden,  by  the  intensity  of 
the  colour  of  the  soa!alled  eintiiiel  1lie  i’oniiinud  misuse  of  the  word  enamel, 
ihercfimx  teiiili  in  mid  makes  it  necamsarv  to  refer  to  numerous  suhsiances 

which  ciiiglit  tiol  really  to  be  iricliided  iimler  this  iitk%  1‘lrese  may  he  summarised 
ai  follows 

Vt£€tablt  tmmtis*  iticlmiitig  lnwittewittttl  vanihheif^*  ladiiitrinl  C!ht?iiiblry':  Organic,''  p.  49). 

Paint  tmnatli,  tiihrr  tif  it  ceitiftitiilcia^  ctiararler  fSorel  p.  ray),  tir  cif  sudi  h  nature 

lliiil  itiry  tiry  *»f  iiring  titill. 

GI*»Sf  util’ll  14%  arr  iis*i;*ii  ftir  eriaiiiellrd  jewellery,  etis,  and  oawiiiting  in  roility  uf 

rnliiiired  gln»e*i  »f  very  Itiw  fiteilifiij  |triirtl  f highly  Riraclc  gte^fie?»|. 

GlftXCi  C|i.  1781,  wliirli  ttiigiit  cMily  t«i  te  cnaiiieb  wlnm  ilit*y  are  iipiti|ue. 

True  ea*mcl»,  t>r  tir  glamti,  iiimle  If  awering  the  miilerial  tn  Ire  cnamel!e<l  with 

14  iiiiiiilile  Mfiti  liemiiig  in  n  kiln  ttiiill  a  surface  k  fihnilnccl  by  the  liwhu)  uf  the 

glaitcir  glti^r.  Stirit  triitriick  ire  illiiingiiiiliefl  frniii  slewed  krf|iterf  f>r  japiuw  tf  tlu*  fact  that  ilu* 
lirtiier  are  iil  aii  exdtiMvely  clwricttr,  whilil  llie  latter  iirr  «f  entirely  vegctwhle  otignj. 

Only  the  true  etiiiittcli  »rif  ctifiiiilfreil  in  wlial  foltnwi. 
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The  raw  ingredients  of  enamels  are  the  same  as  those  of  glasses  and  glazes,  with 
the  addition  of  some  opacifying  medium  (pp.  269  and  278).  If  the  temperature 
at  which  the  enamelling  can  occur  is  sufficiently  high,  opaque  glasses  may  be  used 
though  the  difficulty  of  making  these  with  precisely  the  same  coefficient  of  expan¬ 
sion  and  contraction  as  the  material  to  which  they  are  applied  is  sometimes 
almost  insuperable.  Glazes — which  are  specially  modified  glasses — are  therefore 
more  suitable,  as  the  constituents  which  they  possess,  in  addition  to  those  of  the 
true  glasses,  are  used  with  a  view  to  overcoming  this  difficulty,  a  difficulty  which  is 
particularly  great  in  the  manufacture  of  enamelled  iron  ware. 

The  colours  used  in  the  production  of  enamels  are  the  same  as  those  used  in 
pottery  (p.  163),  but  as  most  enamelling  on  metal  is  done  at  relatively  low  tempera¬ 
tures  it  is  often  practicable  to  use  a  greater  variety  of  colours  than  is  possible  for  the 
potter,  with  the  exception  of  what  the  latter  uses  in  “overglaze’’  decoration  (p.  180). 

Broadly  speaking,  enamels  are  used  for  two  distinct  purposes  :  to  improve  the  appearance  of  an 
article,  and  to  give  it  an  impervious  and  smooth  surface.  These  two  objects  are  not  necessarily 
inseparable,  so  that  in  some  cases  enamels  may  be  used  for  purposes  of  decoration  (as  on  jewellery) 
which  arc  not  resistant  to  water,  and  soon  decompose  on  exposure  to  wet  and  frost.  By  far  the 
greater  part  of  modern  enamelled  metal  ware  is  made  with  a  view  to  protecting  the  surface  of  the 
metal  from  the  action  of  weather  and  water,  and  to  enable  the  advantages  of  construction  which  are 
offered  by  iron  and  steel  to  be  combined  with  the  cleanliness  and  desirable  surface-characteristics 
which  are  found  in  pottery.  Much  enamelled  iron  ware  is,  in  fact,  an  attempt  to  produce 
“unbreakable  pottery.”  Where  this  is  the  case  it  will  be  found,  with  few  exceptions,  that  the  true 
pottery  is  better  than  the  enamelled  ware,  but  in  some  cases  pottery  would  appear  to  be  un¬ 
suitable  (as,  h)r  instance,  enamelled  iron  saucepans)  as  it  cannot  be  brought  into  direct  contact  with 
flame  without  being  damaged.  Decoratively-enamelled  iron  is  often  inartistic,  and  isopen  to  the 
great  objection  that  it  appcvurs  to  be  something  different  from  its  true  nature.  Yet,  in  spite  of  these 
objections,  there  is  an  enormous  field  of  usefulness  for  enamelled  metal  in  the  case  of  those  articles 
where  its  strength,  portability,  and  the  facility  with  w^hich  it  may  be  heated  give  it  an  advantage 
over  other  materials. 

The  dangers  attending  the  use  of  enamelled  metal  for  culinary  purposes  are  seldom  realised. 
Quite  apart  from  the  possible  poisonous  properties  of  the  enamel  itself— due  to  the  use  of  lead 
compounds—there  is  a  considerable  liability  to  serious  illness  as  the  result  of  small  chips  of  enamel 
becoming  mixed  with  the  food.  The  difference  in  the  relative  expansibility  of  the  enamel  and  the 
metal  beneath  is  always  sufficient  to  cause  a  separation  of  the  enamel  after  repeated  changes  in 
temperature.  This  is  particularly  noticeable  in  culinary  articles,  such  as  enamelled  saucepans,  and 
these  ought  not  to  be  used  wdien  once  any  of  the  enamel  has  come  away  from  the  metal. 

The  characteristics  required  for  enamels  on  pottery  are  practically  the  same  as 
those  for  glazes  (see  p.  178). 

The  most  important  properties  of  enamel  for  iron  and  steel  are: — 

1.  II  must  adhere  well  to  the  metal  and  show  no  tendency  to  leave  it  as  by  crazing  (cracking) 
or  shivering  (peeling  away). 

2.  The  heat-treatment  required  by  the  ground  coat  and  the  subsequent  coats  must  be  such  as 
to  avoid  the  production  of  defects  in  the  latter. 

3.  The  enamel  must  resist  the  action  of  dilute  acetic  acid. 

4.  The  enamel  must  contain  no  lead  if  used  for  domestic  purposes. 

5.  The  finished  ware  should  have  a  pleasant  appearance. 

6.  The  cost  of  production  should  be  sufficiently  low  to  admit  of  a  profit. 

7.  The  enamel  must  be  capable  of  being  fired  at  under  1,000®  C. 

The  production  of  ware  covered  with  such  enamels  may  be  conveniently  divided 
into  four  groups 

CasUiro?i  {saiiitary  and  domestic)  ware. 

Sheet-steel  and  sheet-iron  ware. 

Ornamental  and  art  %v ares, 

Castdron  wares  are  usually  large  and  heavy.  The  iron  is  rough  in  surface  and 
contains  numerous  impurities  which  cause  difficulties  in  the  enamelling.  Strength^ 
with  as  much  beauty  as  circumstances  permit,  is  the  chief  feature. 

Sheet-iron  and  sheet-steel  wares  are  usually  small  and  light;  the  methods 
by  which  the  sheets  are  manufactured  gives  the  metal  a  smoother  surface,  and  the 
impurities  in  it  are  less  objectionable.  Utility  and  lightness  are  the  dominant 
features. 
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Watch  dials  and  art  wares  do  not  rrcjuire  to  !)e  ho  accurately  worked,  as 
they  are  n<4  suhjt'ctetl^  to  tlu*  sanie  conditions  of  strain  as  arc  the  sanitary  and 
ilomestic  wares,  and  Ita  tlu*  sake  of  tirevity  they  may  b(j  considered  as  special 
adaptatiorts  tif  the  inetliods  applied  to  the  hitter, 

I  hr  f <4  siirUiK  difirr^  louit  ihr  itUoiag  «»f  ptatcry  in  one  very  important  respect, 
vi/.,  lilt*  pHitri  lit.iv  vaty  ilii*  rinn|M»N.iiion  hciili  hi?,  body  and  ala/e,  hut  the  metalworker  cannot 
Iiuirii.tlly  iniHlify  llir  r»intp».MUun  ol  tlir  metid  hr  is  aUkal  upcm  to  enamel.  It  also  differs  in  the 
fun  lhal  tilt*  rtuiiiirllrd  mrtuh  uitist  hr  hnnighi  directly  out  of  the  furnace  and  cooled  rapidly, 
\%lirrrAH  pairiy  may  hr  nnilrd  *is  »4owly  ns  may  he  tlrsired.  'These  differences  are  important,  as 
thry  iirtwilair  tlir  wlndr  td  the  pwiitssihle  variathms  heine  made  in  the  enamel  itself,  there 
hriiig  hitl  lililr  larialiMti  p**Y*d»lr  in  ilir  tiling  jrm|a*rature.  The  compcmitlon  of  the  enamel  is, 
run‘.f‘i|urnlly»  *»t  thr  laealrsi  itiipinlitnrc,  and  *il»ility  to  lulapt  it  to  the  rec|uirements  of  the  manu- 
htt^liiiril  aitirlrs  h  iilrttditlrly  r^scnlial  lu  surerss, 


Mode  of  Manufacture.  Tim  surface  of  the  iron  or  steel  is  cleaned  by 
means  of  the  saiul  blast  (or  lf*ss  silisfacaorily  by  pickling),  and  to  the  clean  metal 
is  applied  a  grmiiHl  whose  chief  function  is  to  form  a  stit'ky  surffu'e  to  which 

the  powdered  enamel  will  iidliere  unli!  it  has  lieen  fust*d  on  to  the  metal. 

DilTerciil  iiianufac'liirers  have  viwh  tlieir  favourite  mixtures,  Init  their  chief 
ingrcdiciil  is  borax  lo  which  suf'firient  tiay  has  been  added  to  prtwenl  it  from 
flowing  ^loo  Jrrtdy.  lliis  ground  coat  is  applied  in  tlu*  form  of  a  thick  (Team  or 
slip,  which  is  drietl  liy  giniile  heal  and  is  ttien  fused  to  a  somi^what  rough  glass. 
Sonit*  maiiiifactiirrrs  prefer  to  fuse  this  coat  on  lieforc  applying  the  enamel  proper, 
but  others  considtn  this  first  healing  to  be?  uimet*essary.  It  is,  of  (‘ourse,  of  the 
greatest  iiii|ioriama»  lhal  this  ground  coat  sliould  adlierc  perfectly  to  the  metal, 
as  this  is  its  rtiiid  piirpose  ;  its  a|i|iearance  is  of  minor  importance. 

As  soon  IIS  ihi?  grciimd  tssat  is  fused,  the  ware  is  withdrawn  from  the  furnace, 
ami  before  il  has  lime  to  laiol  it  is  covered  with  the  powdtTed  enamel,  applied 
by  shaking  il  through  a  sieve  of  moth’nUe  fmencss,  dim  wart;  is  again  placed 
in  the  fiiriiaer  iiiid  at  the  correct  temperature  (which  usually  lies  between 
and  i,ooo'‘  Cl)  until  the  enamel  is  properly  fused.  If  tlu*  first  coating  of 
enamel  k  itcil  siifliiaeiitly  tfiii^k,  11  second  or  even  a  third  must  be  applied.  As 
soon  as  the  eniimelling  k  rompteied,  the  ware  is  allowed  to  stand  in  the  open 
workshop  until  rtm\.  Miiftle  kilns  (prttferably  semi«gas»fired)  are  invarialdy  used ; 
each  lieitling  lakes  hm%  iliftn  ten  miiniles, 

Materials.  Hie  metal  iwcd  iti  the  enamelled  sheet  ware  must  be  of  high 
ciuality,  it  iiiiisl  not  only  sland  the  neceisary  shtping  processes,  but  it  must 
he  frt*e  from  sulphur  and  pfiospliciriw  in  prciportioni  likely  to  affect  the  enamels. 

It  i%  rs^riitial  ili#it  ii  tm%ri4  |rrfrftly  rkta  iwrfiice,  and  if  (»il  hai  Iwen  used  in  the  shaping, 

it  will  tiMctlty  lie  tirrrii^ty  iti  lirai  the  tingkwrd  ware  in  Iht  mnflle  for  a  ihort  time  io  ai  to  burn 
off  all  ihf  oil  and  If  ihr  lirtiiiiig  h  cwnlifiit(*d  ft  Iktk  longer  it  will  oxidiw  the  surface  of 

the  fiielftl,  4iiil  a  %iilivrt|iieiit  pkkliiig  in  acid  will  then  »wfve  to  produce  a  clean  metallic  surface. 


Hit?  enaratels  are  iiiiially  of  a  coirmlox  composition,  and  fretiuently  contain 
all  ilic  following  ingredients  n—Fclsfmr,  flint,  clay,  chalk,  sodium  carbonate,  borax, 
cryoliie,  febpiir,  siiltiictre,  lead,  glass,  and  a  colouring  or  opacifying  oxide.  For 
dccoriitivr  imamels  lead  imy  be  uicd,  at  its  poisonous  action  is  not  generally  of 
triiporiaiice  in  ihc  piirposen  for  which  these  articles  are  used. 


Two  rliief  ty|*ri  «f  cniftidi  are  uwd,  ihcir  c<»ro|iodti«n  toeing  represented  by  the  followfing 
•  tiiiilrciikr  Ibraiiilif”  .*— » 

Fiir  fait -Iron  wart  waft'l— 

sg  Pt»CI  in«l  EaOl 


If  N%0 
1 1  CtO 
4  XfiO 

For  ihetotttel  ware  fdomettic  w»fc|— 


II  AlgOj 


72  Si  Of, 
14 

14  SnOfi. 


9  AtgOi 


/  72  SiOf. 
\  18  BgO^. 
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mDUSTRIAL  CHEMISTRY 


In  order  to  obtain  a  composition  as  uniform  as  possible  it  is  advisable  Lo  frit  (p.  162)  the 
ingredients  of  the  enamels  and  to  grind  the  fritted  mass  to  a  fine  powder.  The  colours  are  the  same 
as  those  used  for  pottery  (p.  163),  the  “overglaze”  colours  being  preferred,  as  they  agree  more 
closely  in  the  temperatures  at  which  they  are  to  be  fired.  Opaque  white  enamels  owe  their 
characteristic  appearance  to  the  tin  oxide  used. 

In  such  enamels,  soda  and  potash  may  be  replaced  as  desired,  but  the  more  potash  the  greater 
the  brilliance  of  the  enamel,  as  potash  is  almost  invariably  added  as  felspar.  Lime  appears  to  be 
essential,  but  too  much  of  it  makes  the  enamel  too  infusible.  Alumina  is  added  in  the  form  of 
clay  and  felspar  ;  it  increases  the  adhesiveness  of  the  enamel  and  reduces  its  fusibility.  Silica  is 
added  in  the  form  of  flint,  clay,  and  felspar ;  it  hardens  the  enamel,  but  too  little  must  not 
be  used  or  the  enamel  will  crack.  Fluorine  is  added  as  cryolite,  and  is  used  to  produce  opacity 
and  fusibility.  Borax  introduces  both  soda  and  boric  acid  ;  the  latter  behaves  like  silicp,  but 
it  increases  the  fusibility  of  the  enamel.  It  also  increases  its  brilliance. 

Ground  Coats. — It  is  usually  found  that,  providing  an  enamel  possesses  the 
necessary  fusibility  and  appearance  at  the  temperature  at  which  the  burning  can 
be  carried  out,  there  will  be  little  difficulty  with  regard  to  its  composition.  The 
crux  of  the  enameller’s  work  consists  in  forming  a  ground  coat  which  will  act  as  a 
suitable  intermediary  between  the  enamel  and  the  metal.  Indeed,  this  coat  is  the 
controlling  factor  in  enamelled  metal-work,  and  where  failures  occur  it  is  almost 
invariably  due  to  some  error  in  the  ground  coat.  The  two  properties  essential  in 
a  ground  coat  are  {a)  the  production  of  an  adequate  bond  between  the  metal  and 
the  enamel,  and  {b)  the  suitability  of  the  fusing  point.  It  is  now  agreed  that  the 
ground  coat  must  soften  at  a  lower  temperature  than  the  enamels  applied  to  it,  but 
it  must  not  flow  at  as  low  a  temperature  as  any  of  the  enamels.  It  must,  there¬ 
fore,  have  a  long  range  of  fusion.  The  colour  of  the  ground  coat  is  unimportant;  it 
is  usually  dark,  on  account  of  the  metal  which  it  dissolves  from  the  sheet.  Some 
workers  believe  that  an  efficient  ground  coat  must  contain  cobalt,  but  various 
experiments  have  shown  that  this  is  not  essential,  though  often  convenient  on  accf:unt 
of  the  affinity  between  cobalt  and  iron. 

The  composition  of  the  ground  coat  may  be  varied  within  wider  limits  than  that  of  the  covering 
enamels,  and  is  more  difficult  to  adjust  to  suit  the  requirements  of  any  given  article.  Limits 
widely  recognised  are  shown  in  the  following  molecular  ratios  : — 

10—49  ^ 

0—40  NagO  I 
9 — 42  CaO  I 
0—4  CoO  ; 

A  composition  introduced  by  C.  H.  Paris  in  1850,  and  still  extensively  used, 
consists  of  broken  glass,  130  parts;  sodium  carbonate,  20  parts;  and  boracic  acid^ 
12  parts. 

Tests.— The  commonest  test  of  the  value  of  an  enamel  coating  is  to  hammer  it  repeatedly.  A 
really  good  enamel  will  re>ist  many  powerful  blows,  and  where  it  fails  it  will  pull  off  some  of  the 
steel  with  it,  A  poor  enamel,  on  the  contrary,  will  soon  crack  and  peel  off,  leaving  the  clean  metal 
below.  Beading  tests  are  sometimes  tried,  but  they  are  unnatural  and  unfair.  Heating  tests — 
made  by  plunging  the  red-hot  ware  into  cold  water — are  almost  too  severe,  yet  the  best  enamels 
will  usually  stand  such  treatment,  though  not  repeatedly. 

For  domestic  purposes,  the  ware  may  be  tested  by  boiling  dilute  acetic  acid  in  it.  If  the  acid 
attacks  the  enamel,  the  latter  will  lose  its  gloss  ;  the  acid  may  also  be  tested  to  ascertain  whether 
any  lead  has  been  dissolved  from  the  enamel.  (Strictly  speaking,  no  lead  should  be  used  in  enamel 
ware  for  culinary  purposes. ) 

Art  Enamels. — Art  enamelling  is  almost  invariably  executed  on  gold,  silver, 
or  copper.  It  may  be  divided  into  four  groups  : — Cloisonn^,  in  which  small 
divisions  or  cells. made  of  fine  wire  are  soldered  on  to  a  metal  basis  (usually  copper), 
these  cells  being  afterwards  filled  with  powdered  enamels  which  are  fused  into 
position ;  Champl^v^,  in  which  the  design  is  hollowed  out  of  a  metallic  surface, 
the  hollows  being  filled  as  in  cloisonne ;  Limogeic,  in  which  the  enamels  are  melted 
direct  on  to  the  base  without  the  use  of  cells  or  hollows ;  pointed  enamels,  in 
which  the  enamel  is  dropped  on  to  the  base  in  a  semi-molten  state,  in  a  manner 
similar  to  that  used  in  sealing  a  letter  with  wax. 


-33  AUO;,  I 


13—33  B2O;,. 
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Tlie  riHttiHtMUtni  *»!  ihi-n  .liiit’int:  v.itu-.  giiutly,  Imt  they  are  diierty  nuKturcs  of /lini . 

red  anti  iitire,  with  ‘^ufiteiriil  ^  tt*i\  !ti  |-*i've  the  iinjiusik*  hisihiUty,  and  at  the  sanic  time 
prevent  r\rrv4Vr  rraniti;  '>*t  eiaekiinp  A  liineli  ii-iril  leripe  for  C'tuimpleve  enamel  (‘onsists  of 

Mitit  j  parts. 

I  pait. 

Nilfr  n  pan**, 

Ur»|  trad  p 

Foi  Sthfi  fnatnrlliJi|,%  *.Mmr  iiJMihii  .iPmii  .*i  the  f  4!*<wtn|*  r*.  ip<*  is  rvtendvfly  empU>yed 

\\  Iti’r  1*  ,id  piUt*^ 

Ntlir  17 

I’liiii  15  ,, 

Some  rnamriiri'i  »<l  f/M  aiitl  diver  -4411  Imrax,  am!  modify  iIuh  hy  the  addition  of  flint, 
iw  10  prevnii  f'f*i/iHip  htil  ihr  niotr  romplex  mivltifes  jiiHt  mertliomal  are  preferable  and  more 
iliirabir,  ami  riirtr'iiMwd  f'l*»‘ady  with  thr  rtiamelH  add  ready  for  uhi*. 

iliity  t»r  painted  in  liriiitl  ur  printed  cm  paper,  and  transferred  as  in 
the  deeciralitifi  <*f  peatery  (|i.  StiiniiinieH  lire  tlestgtt  may  he*  prititcd  (iirectly 

on  lh«*  nitiiil,  Iht’  naiinel  liriii|4  iiiisrd  widi  a  mixture*  of  oil  and  wood  tar  to  make 
il  adlirre. 


SECTION  I. XXV 


ASiiI':ST()S  INDUSTRY 

Uv  F,  \V.  I’KNNV,  1)  Sf.,  F.C.S. 

f.  iiiiiitniA 


urruRATURi*: 

I’ till/  Aiiki’t.  ’* I ‘lirj'viiilr  A'ilirsiir* :  ii\  Urrurrftia%  MMpliiUalitm,  and  UKi*K." 

friil4r4ir4  tfi  l‘|'‘  the  Miiiri  llianrh  nf  llic  Cariiuliari  Uepurtiiient  af  Mines.) 

Srf*  irlririirrii  in  Ir^l. 


Definition*  11if  ”  m  a  colliHiive  mime  of  no  definite  mineralogical 

%igiiifiraiit'e  %vliit‘h  !i;«  ttreii  aiijiliecl  to  a  variety  of  iilicate  niinerids  which  differ 
from  rarli  oilier  in  taiiiijiosiiion  and  liliyniad  properties,  hut  resemble  one 

iinollirr  iii  ihrir  finely  fihroiw  texture  and  fli*xihility-a]uite  accidental  properties 
dm?  iti  ilie  eiiiiriiioti.fi  elongiititiri  in  ont.!  dirertton  of  the  individual  crystals  that 
ctinijMw  the  aggregiilr.  I1ir  value  of  these  "  inineralogiral  phenomena  ”  depends 
tin  the  lanlity  witti  mdiirli  they  itrr  eitpahle  of  being  split  up  into  long  and  flexible 
fttiren  wliirti  tint  W  Mpini  like  eott«in  and  woven  into  eloth ;  on  tlieir  resistance  to 
the  liriicin  of  heat  mill  teitif,  line!  on  their  non  camduriilhlity  with  respect  to  heat. 

Ail  thill  has  jiiiiiecl  under  the  niiine  of  **  ashestoii  *’  in  commerce  cp  be  broadly 
rtiissitieci  eillier  ni  fibroiw  varieties  tif  the  ainphibole  group  of  minerals,  or  as 
filiroiifi  »er|iriitintx 

AMFHIEOLE  ASBESTOS 

Hits  group  h  tif  the  lesser  roitiiiierriid  Importance,  since  the  fibres  are^  not 
rnurti  gootl  for  tcMtik  purptiwfi  on  iierotmt  cif  the  lack  of  strength  and  flexibility. 
Bill  they  |ifi*«rs^4  the  iitlvaiiiiige  of  fating  unacted  u|Km  by  adds  and  are  with 
difikailiy  affnlial  liy  lirai.  11iey  usually  cHXur  doidy  Miociated  with  pvroxene 
and  horfihknide  rocks  of  the  cry!ilit!linit  metamorphic  scnci,  as  aggregates  or  bundles 
Ilf  rhwdy  roiiijiiirtttd  fitim  tritverdiig  the  rock  in  crevices  or  veins  sometimes  many 
feel  in  kngfin  The  vartiaies  of  iiiiiphihole  tsbeitos  arc  all  anhydrous  compounds 
of  Hilicii  with  an  rarlhy  base,  and  t*onliiin  very  little  alumina.  The  following  forms 
arc  reccigfiiird  C"'- 

I.  Trcittoliic  or  Italiiri  mbmlon  «  -  Ca0,3Mg0.4Si0.j, 

3.  Actifuilttc  anliCHtcw  *  >  ^  (,JtiC).3(Mg.Fe)0.4Si(\. 

3,  Aiithfi|itiylliie  -  *  -  6Mg0.FeC).8Si02.H20. 


Tremolite  and  actimolite  aibestoi  arc  very  similar,  both  being  silicates  of 
magnciit  ind  liine,  hut  the  latter  having  some  of  its  magnesia  replaced  by  a 
molecular  etfiiivilciit  cif  ferroui  iron. 
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r\|*l« iii  \  rt ^  It.  imi,?  4,1  \,aliUH!  :it  uIhuU 

HJuihliTtl. 

C’liry^'Oiilr  ccfit}  .  in  i I'lit ./ ‘  Wr.inn  Au4i;i!i:i— rilhuna 

Preparation.  Vhr  •  in  ga%h  veins  varying  in  width  ftntn 

intit*  liiirn  in  lhit*r  ui  iimtr  im  ln*%  arinss. 

Till'  \riiis.iir  lii’jiP'Mai  hui  ti>r\  uah  h>im  4  4iiall  {Mac*{'itl.'i|„'r  «»t’  ihf  n^'k  uui-s  in  N^hinh  tiwy 
ornin  .ui<l  lliriri*.|i'  ilis-  iiiijiifi|»  4ir  ^MijtrwInU  lu|*liri  tljun  iIium'  of  thr  nlhni  \4rit*tics  <»f 

iiilir’ao'H  Ikii  1'^  i'»nii|«'ii4iirii  fui  k)  flir  pniilrt  valm*  ul  th«*  flHVMisit**.  It  i% -.tuUnl  kn  tho 
Ckiiiiiili.iii  iiititr.  iliiti  »4  !»«  k  iisilirti  \trkl  fuiit*  a  tem  uf  rrndn  inhehtfv^  attt!  5  S  t«>ns 

Sima*  till*  *islis-^4iis  Wilis  air  i*f  ilirniist.uil  iialtiir  and  quilt*  itri'gulurly  tlis 
Iribiilrci  llirniightHil  llir  •aaprnline  nuiHses  and  hrnrr  diftieult  it)  k)C'aln  under 
grfnnitl  the  elir) scililr  h  .iiwa)^  w<«i  by  n|ien  t|iiarrying,  ‘riu*  rnck  is  removed 
with  llie  aid  i»i  iiiaeliiiie  dulls  in  benrlies  or  steps,  and  a  et'rlain  amoimt  of  the' 
eriifle  asbrsitis  i%  ai  oner  ublaiiirtl  by  luind  eobbing  tiired  from  the  vthn.  But  tlie 
libri*  obtained  in  iIiih  %va\  fottiis  only  a  veiy  small  pari  of  tlu'  output,  the  major 
|iart  in  tin*  lot  in  of  Htiiallri  fibres  tieing  separated  from  llu*  serpentine  by  an 
elaborate  iiir*  liaiiii  »il  proress  alltiws  of  the  rork  bc*ing  dealt  with  in  turn  by 

roc'k  breakers  iliins,  niiary  riiishers,  rolK,  ^Mibreisers ’*  (in  wlneh  the  fibres  an* 
separalt'd  from  tmv  aiiiillierh  tans  (wltieh  remove  die  fitires  by  means  of  air 
run  lilts  k  atnl  MiiUiig  I'haiiibeis,  in  mdiieh  they  are  eolleeted. 

Till?  pftnliit  is  lliii'i  ol*!*iiiirfl  air  ii#e4‘iifiril  iIihh  j 

J.  Cfu4t  Ashtstoi.  lamu  fil»ir,  irawtly  iii  as  it  errui’H  ia  the  veins. 

N<v  I  prasle,  1  iit,  i»i  iiimr  laliieil  £|S  ^  gia  le,  }  in,,  valued 

4,3^  pet  tiifi. 

Short  Fibrt  or  FillClt.  ihr  duuin  iisUe»ii«H  idiained  by  nieeluinieal  se|Ha’ud«ui 

Ireiii  itte  tin  k-  'Tlifrr  |»ritdr%  air  irengiii'ietl  :  Xu.  1,  '.|unniti|n  viduol  at  idicmt  ^,‘15  pei 

ti»tt  s  Nil,  3,  s*^^***^^*lu  pibptfltock,  ‘4*  lallrii  uii  .u'omui  u|  ii-,  unt  with  vegeluhk  mattei  in 
the  iitaiiii  fuel  lit  r  uf  |«p4*f,  wuilti  iiul  llwii  £4  prt  tun, 

Ttic  avrrigi'  laliir  t»l  itic  wtiulr  iiiii|!iii  ul  raii.nhiin  asUriiu?*  f«u  niii  was  uUnif  X5I  [lei  tun  ; 
I  lie  lew  tigiiir  lw’iti|»  tliir  tu  thr  |iirtiutitinafii’P  «f  hiwrr  gradrs/* 

Properties  :  Chry sotilc  is  Iindoubieitly  the  most  impttrtant  variety  of  asbestos 
mmiiierriiilly,  in  spur  of  itn*  ilisiidviiniage  ii  {MissesseH  of  being  attacked  by^acids 
(iS{>eci»illy  amt  riutijiaiiiig  unfaviuiridily  with  the  amphibolt*  varieties  in 

its  ftrrTeiiiilitig  qiialilie^.  Kiiiwiilntianding  the  liirge  amciunt  of  water  it  conttini 
in  its  inoletTili*,  thi^  t  aiiafliiin  cliryiolile  Mid  U)  be  able  to  withstand  temperatures 
Ilf  from  1,500"  ;|,0O€)  t%,  wliieli  k  probidily  ^utiriently  resistant  for  niost  purposes. 
Its  greiil  vidiie  to  the  iniile  in  the  leiigili  and  fineiie^i  of  its  silky  fibres  com¬ 
bined  with  loiiglinisH,  tetiiile  strength  iiiid  exlreiiti*  flexibility.  The  latter  property 
Imim  been  prcii^al  by  tlrli|iiralititi  tmlu  to  be  due  to  its  combined  water  (about 
I  j  |ier  cent). 

1'liririii  u  11*1  ^fr«i  flilirrriicr  lilt*  iwarl)  iifihydmwi  iiinpltllKilf*  adiestus.  If  tiried  fur  scmit* 
tietiM  at  iM$'  (  \  aiiil  iltrii  tii|ipti  a  wilitikifi  ut  a  hitdf  fiialdar  dye,  such  m  rhndartnne,qt  h 
stningly  rtiliiiiirfi*  ilirrrliy  tllitriitg  fmiii  the  iiiti|iliib»le  varictieii.  A  typlnvl  trudysih  t»f  the 
rtiry%filile  ♦idinliN  i-*  tlir  fultuwliig  ». 


Hfin 

41.50 

AM  b 

nn 

|rt> 

LH| 

Mgii 

ikiiiiliitietl  Wilier 

4i.ofj 

14-J7 

•w.s? 

^  li.K,  Siiftry*  470,  If  10. 

®  far pfM.  (ml,  Vol.  XVUl.*  tfici,  p.  340- 
Pm\  A*tmiiS04‘.,  linecftikiiiL  I^*J,  p  lao. 

*  Ckhd.,  P.  3#  I  and  Mmmg  fmrmi,  Vul.  LXXXVL,  p.  394* 

*  Cit##,  XXXI¥.,  ifi  p.  tof. 
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!ND  US  TRIAL  CHEMISTRY 

USES  OF  ASBESTOS 

Both  amphibole  and  chrysotile  asbestos  have  their  own  uses  to  which  each 
is  well  adapted,  though  the  demand  for  the  latter  is  always  much  greater  than  for 
the  former. 

Thus  the  stability  towards  acids  of  tremolite  and  actinolite  asbestos  enables 
them  to  be  used  as  a  filtering  material  for  these  corrosive  liquids ;  their  good  fire- 
resisting  qualities  render  them  quite  suitable  for  use  in  gas  fires.  In  the  manufac¬ 
ture  of  fireproof  objects  for  the  protection  of  life  and  property  (such  as  fireproof 
curtains  for  theatres,  clothing  for  firemen,  ropes  for  escape  from  burning  buildings, 
etc.)  the  chrysotile  is  employed,  since  tremolite  and  actinolite  asbestos  are  not 
sufficiently  flexible  to  be  woven,  and  crocidolite  much  too  fusible.  In  its  extensive 
employment  as  a  non-conductor  of  heat,  the  stability  towards  heat  of  asbestos  gives 
it  an  advantage  over  other  substances — except  mica  and  diatomaceous  earth.  For 
packing  valves,  covering  steam-pipes  and  cylinders,  the  asbestos,  which  in  the  crude 
form  does  not  rank  very  high  among  non-conducting  materials,  has  to  be  worked  up 
and  felted  or  woven  into  yarn  or  rope,  thereby  increasing  the  air  space  included 
and  so  the  non-conductibility. 

Unless  liable  to  come  into  contact  with  acids,  chrysotile  is  the  most  suitable  for  these  purposes 
on  account  of  its  superior  softness ;  but  the  Italian  fibre  is  very  generally  employed  in  the  manu¬ 
facture  of  millboards  for  packing  the  joints  of  steam-pipes.  Inferior  grades — short  fibre  and  meal — 
have  become  much  used  for  the  preparation  of  all  kinds  of  fireproof  material  such  as  flooring  slabs, 
cement  slates,  composition  (paint),  and  wall  plaster.  The  finer  qualities  are  employed  in  giving 
weight  to  silk,  and  various  other  forms  of  adulteration.  The  waste  asbestos  is  mixed  with  powdered 
serpentine  and  made  into  a  product  known  as  “asbestic,”a  material  largely  employed  in  fire¬ 
proof  buildings  (seep.  134). 


si{("ri()\  Lx.wi 
'Flli^  MICA  INDUSTRY 

Ih  F.  \V.  Fknnv,  II. St*.,  F.CFS. 


UrrERATURK 

»iti4  \|rfltH|l  Nil,  l»,  <  »rii{.  Sisni'l’,  (‘.ttWslt,  I«MU. 

S«  N«n  iiiH,  C  ,\Ufic%,  tqu.. 

;\h*t  irlrtrisi'r .  lii  |r%l, 


OccurrciiCCN  Mitxi  is  mir  ni’  i!t«*  immt  widely  dislribiUed  <4' iiiinmiLs,  It  (occurs 
ifi  ilir  fiiriii  fit  ?iiii;ill  Hr;dv%  uiul  filaicH  in  llie  itMiprity  cif  igneous  and  niotiiinarphic 
rtsf'ks  unit  III  iiiuiiy  uf  ilir  niudiitis  farmed  from  ttuiir  decomposition.  Hut  tiu* 
iiiieu  ftf  citiiiiiirrre  is  roiifimal  to  ilm  two  of  these  varieties  -  muscovite 

and  phlogopite. 

llllliCOVile  rtH’  rtilitrly  rr*4ni1*’ti  tu  iIimhC!  ilykrn  tii  veiiih  kiH»\vn  ii'-% 

ptg'llli.tite  utiirli  4ir  loii.illv  »iv4t|i.i4ir4  %iili  gir.il  gouiili*  iiiUHHr*-*.  Thr  t*i»nuurtriii1ly  vjilualih' 
iifi'tiii  iti  |iiti|di  Ill  i4|irHti|^  ’US  'litlrtl  uynlitU  at  “huokH.”  fVusti  thr  fiuhlity 

with  witirli  ihrv  I  411  Its**  ti|*rtirii  ti|»  tiifu  itiiii  Iravr'i ;  ihry  vaty  ftttni  a  iVw  inchf-*  U|»  lu  iirvtnul 
frii  til  tliiiiitrlrf. 

Mii%r4¥itr  Ii4'i  l♦r*rft  m-iirkril  |iiiiiri|ii4lly  in  IfiUiii  iiiul  tin*  llnilri!  Stitlrn. 

Fo»iit  ISt-ilrifi  llit*  Wi»ilir»  ’Sitt|i|f|y  uf  plilog'OpitC  iiikst,  wlikh  iiit’4  quilt*  it  Uirirrcut 

II  »#rriii*4  ttiili  ilikr^  tif  l«t^k  i*rk,  |*riirriilly  jiyioxrnites,  Tftr  mim  ucemn 

qiiilr  irirf^tikiily  i«  pinkii'i,  ‘-niitiriliitr'i  tiy  Ihi'Uirr^  liEviijg  im  tlefiiiilr  tlirecliou. 

t»i  itir  it«pri4%iriii  iii’iiiifi*  uf  iiikt  tliw  art?  lew  rwlim  tir  intll«th,ms  Ity  which 

ilir  iiiiiirr  itwy  Im  Hut  llir  tttii*ii  fnutial  iil  llit?  stiriiice  i«  nearly  always  stift  tml  cracked, 

line  |ti  litr  ar'ti«ni  uf  weatlirfiiig  ati*!  ^liffACt?  itMiveiiiriiei  s  elrawr  iintl  lietter  ctilmired  miaertl  R 
fittinti  liiwrr  tltmn  in  ifir  Milhl  twrlt*  ttir  t|tittlily  iiti|irti¥es  wilti  the  tlfplh. 

Species  of  Mica.  11te  tirtti  miea  ittr!udt*»4  It  mimlier  of  allied  mineral 
wliii'li  are  rltararit  rined  try  greiil  ftsibiliiy,  high  flmcilnlityi  and  elasticity 
ill  tliiii  filtitk  a  turdtic!ik  uf  from  i  to  j  (riipalile  of  just  being  scratched  with  a  dry 
fiiigrr*ri:iil|,  and  traiiHji.irtiic*y  wtitii  in  thin  p!aU%  The  principal  species  of  com 
tiierrial  iiiiporiaiit  n  are  : 


hi)  Muscovite  «tr  ptiiaxli  ahifiiiniiitn  niira:  eompoiitiem  normally— 

Alj;  1 1  ,Si/  )|;J  j  Al/  b,.  K,( )  H  i)  j ; 

ifiedfic  gruviiy,  j.85. 

Ty|ir#ti  iltr  tt-*  the  avtrage  |)rrmii»|c  eeiiiptwltiim  of  this  ipeuies* 

Stirrt,  htC  k|  45  tr»  47  fier  rent. 

f\IJ  t,  jb  ,,  J7  I, 

Frfrir  I'r^U  O.5  ,,  5  »» 

Frff«tei  FrI  I  '  0.5  #»  2  ,, 

Miigneda,  >  *  o ,,  3  ,, 

KyO  H  H  II  ,, 

Hritia,  o  ,1  3 

11,0  4 1,  6  n 

Fiaiiiifir,  F  o ,»  i  ,, 


*  iiuil  0f  Impriai  Veil.  IL,  1905*  p.  279. 
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INDUSTRIAL  CHEMISTRY 


If  the  percentage  of  the  iron  oxides  rises  above  5?  muscovite  becomes  distinctly  tinted  when 
plates  thicker  than  0.5  mm.  (0.02  in.)  are  viewed  by  transmitted  light. 

(^)  Phlog'opite,  or  magnesia  mica,  approximates  to — 

AlMg8KH2Si30i2[Al203.6Mg0.K.,0.6Si0.,.2H.,0]; 

usually  contains  some  fluorine;  specific  gravity,  2.75. 

The  percentage  composition  is  usually  within  the  following  limits  : — 


Silica,  SiOo 

- 

- 

- 

-  39  to 

44  per  cent. 

Alumina,  AI2O3  - 

- 

- 

- 

■  13 

Ferric  oxide,  FcgOg 

- 

- 

- 

-  0  ,, 

0 

Ferrous  oxide,  FeO 

- 

- 

- 

-  0  ,, 

T.5 

Magnesia,  MgO  - 

- 

- 

- 

-  26  ,, 

29  ,, 

Potash,  KqO 

- 

- 

- 

8  ,, 

10  „ 

Soda,  NagO 

- 

- 

- 

-  0.4  M 

2  ,, 

Water,  HgO 

- 

- 

- 

-  I 

5  jj 

Fluorine,  F 

- 

- 

- 

-  I 

5  35 

As  a  rule,  phlogopite  is  coloured  more  deeply  than  muscovite  by  the  presence  of  the  same  pro¬ 
portion  of  iron  oxides.  When  the  total  amount  exceeds  5  per  cent.,  a  plate  only  o.  i  mm.  (.004  in.) 
thick  is  distinctly  tinted.  When  the  percentage  of  iron  is  under  2,  the  phlogopite  shows  a  pale 
yellow  colour  in  a  thickness  of  o.  1-0.5  l^he  colour  passing  to  an  amber  shade  with  thicker 

plates.  This  is  the  variety  known  to  the  trade  as  amber  mica. 

ic)  Lepidolite,  a  lithia-bearing  mica  of  variable  composition,  in  most  cases  a 
mixture  of  a  fiuoriferous  trisilicate,  AlFg.SigOg.R'g  (in  which  R"  =  LiiK),  with  mole¬ 
cules  of  the  muscovite  type.  It  is  characteristically  of  a  pink  or  mauve  tinge. 

Z  It  has  a  very  limited  use  for  the  production  of  lithium  salts,  largely  used  in  the  manufacture  of 
lithia  water  since  it  contains  theoretically  about  4  per  cent,  of  lithium. 

It  is  important  to  be  able  to  distinguish  phlogopite  from  muscovite,  and  this  is  easily  done  vj^ith 
a  polarising  or  petrological  microscope.  A  plate  should  be  peeled  until  it  is  as  nearly  as  possible 
0.25  mm.  (0.0 1  in.)  in  thickness;  it  should  then  be  rotated  between  crossed  nicols.  A  plate  of 
muscovite  under  these  conditions  shows  bright  colours,  whilst  one  of  phlogopite  allows  only  a  faint 
greyish-white  light  to  pass. 

Small  crystals  of  mica  have  been  produced  in  the  chemical  laboratory  at  the  expense  of  other 
minerals  (by  fusing  such  natural  silicates  as  hornblende,  garnet,  or  angite  with  an  alkali  fluoride  at 
a  dull  red  heat).  But  the  natural  crystals  undoubtedly  required  enormous  periods  of  time  to  form, 
in  conditions  which  are  impossible  of  reproduction  by  human  agency.  Therefore  it  is  unlikely  that 
it  will  ever  be  practicable  to  manufacture  sheets  of  commercially  valuable  mica. 

Manufacture. — Mica  is  usually  exploited  by  open  quarrying,  waste  rock  being 
loosened  by  very  light  blasting  (hand-drilled  holes  not  more  than  4  ft.  deep  and 
charged  with  ordinary  powder),  and  the  crystals  being  taken  out  with  crowbars  and 
chisels. 

In  atypical  Canadian  mine  about  150  ft.  deep  the  cost  of  producing  a  ton  of  mica  from  r  x  3  in. 
in  size  upwards  is  about 

The  rough  crystals  have  first  to  be  split  into  sheets  in.  in  thickness,  done 
by  hand  with  short-handled  knives,  and  at  the  same  time  all  loose  and  broken  edges 
are  torn  off  with  the  thumb  and  forefinger,  a  process  known  as  “  thumb-trimming.” 
The  thumb-trimmed  sheets  are  next  cut  by  hand  machines — usually  at  special 
works — into  rectangular  form,  so  as  to  yield  the  largest  superficial  sizes  whilst 
avoiding  all  striations,  marginal  cracks,  and  other  faults.  Plates  which  are  broken, 
unevenly  laminated,  striated,  crumpled,  cracked,  or  much  stained  are  useless,  and 
should  be  discarded. 

As  a  general  rule  not  10  per  cent,  of  the  mica  mined  is  capable  of  being  cut  into  sound  rect¬ 
angular  plates  of  size  not  less  than  2  x  3  in.  or  4X  i  in.,  which  are  about  the  economic  size-limit. 
In  Canada  it  is  reckoned  that  3  tons  of  scrap  mica,  yielding  750  lbs.  of  thumb-trimmed  material, 
must  be  raised  for  every  100  tons  of  rock  removed  from  open  quarries  ;  for  underground  mining  (up 
to  300  ft.  deep)  5  tons,  yielding  1,250  lbs.  of  thumb-trimmed  mica,  must  be  extracted  to  make 
it  pay. 

The  balance  of  scrap  or  waste  mica  is  sold  for  conversion  into  ground  mica. 

The  operation  of  grinding  mica  to  a  fine  powder  is  a  rather  difficult  one  to  carry  out  owing  to 
the  fact  that  the  mineral  has  a  single  perfect  cleavage,  and  cleavage-lamellae  are  very  smooth,  tough, 


nil-:  j//(\i  /.\7>r.v/'A' r 
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Ill  ilif  «<l  tlir  |tt»H'c'%srH  ,ih'  krfa  siH’U't,  hut  a  crrtuin  juiunmt  of 

mfoniiAluni  fail  ht*  ohi.tiitnl  fioiii  Sflmtjili,  /a.,  u/. ,  |ip.  juj  n/./.  'hhc  lininichH  ri*4uittHl  for  iiulustrial 
injifMiHeN  k  up  |o  |ltt»  iiir^lir  -  lo  ilir  iiu  li. 

Uses,  ‘rtu*  tiM*%  nt  sheet  ;i  r.in  ruui;!ily  hf  dividrdiiHo  two  classes,  the 
first  ronipri.Miig  iIiom*  fur  whk'h  a  .Hiibhi.uicc  is  ic-quircd  that  is  transparent  and 
mipcrvioiis  to  heal  fur  luiip  t  l«iii!iey\  iurmirv  windows,  etc*,  and  the  second 
i'onsistiiig  id  llioM'  coniirtirtl  with  the  ctnistruction  of  (‘Iccirit'a!  inat'hinery.  For 
the  foriiici  |iiir|ioHrs  musco'^'ite  gt‘nc*ni!!y  einpioyctl,  sinct*  the  material  must  be 
clear  and  Iraiisfiareiil.  Hit*  br%i  kinds  show  a  taint  ruliy  tint  in  plaUss  approaching 
a  nnllimeire  C'04  hi.  I  tii  lliickiiess  ;  ihr  plane  of  cleavage  must  l)e  ()uite  true  and  it 
must  hr  pertet'ily  fis%ilr»  liliiis  0.0 1  mm.  (.004  in.)  being  produced  without  much 
iliflitniliy.  It  iiitc4  Ih'  ilr\ible  and  claHiit*  in  fatily  thin  lamiiue  ;  for  instance  a  plate 
0.0 1  mm.  thick  would  lieiul  wtihtiui  Hacking  or  appreciable  buckling  round  a 
cylindta  25  iiiiii.  fi  in.  |  in  diainrter,  and  on  being  released  after  Haifa  minute 
slitHild  regain  as  nearly  as  |Hmili!r  its  original  plane  surface,  'i’he  lustre  must  be 
spleiiclcnld’ that  is  to  say  ri|yal  to  lliai  of  liighly  polished  glass,  'riu*  standard 
sl/vM  for  the  |iiir|iti*%cs  sinieti  aliovt^  range  from  1  .J  x  2  in.  to  H  x  to  in. :  smaller  si/.es 
seklom  pay  for  milling  and  |ifr|i*ifaii«»n. 

Inmtirfly  llir*  1  turf  ¥4ltir*  »4  iiiira  w;i%  hit  ilii*-*  i'ltv»  of  w«irk,  htU  iffrnilv  n  iniiuher  of  very 
frtkijyil  gl#4%tr%  ii*o.r  l»rra  |iiil  llir  iiiiirkrl  iiml  llir%r  Irfitl  tci  rf%nirl  its  unr  in  thrsi*  dirertinns. 

hy  fi4f  lliriinni  iisruf  inn  4  i«»W4tliiod»4  in  ihc*  ri»nstruftH»n  ufrln'lriru!  machinery. 

PhlogOpitC  has  lirfc  bfxm  foiinfl  to  tie  ilte  nuist  saiisfiudtiry  form  on  account 
of  its  iiiciinitHisiililc  and  itisiilatiiig  powers  and  also  because  of  the  fact  that  for 
the  consiriicikin  tif  crititmiilalors  of  dircit  ciirient  moiors  and  dynamos  (which  art* 
Iniill  upof  bars  ui  lopprr  and  strips  of  iiiiea)  tin*  phlogtipile  has  about  the  same 
liardnesfi  ns  the  ropper  of  llie  txannuitutor  segments,  anti  ihercfort*  wears  down 
evenly  wilbmit  ciiiisiiig  tlir  itiitrliiiie  to  spark, 

Tlir  mliitir  «f  llir  dirrN  tif  liilir  hill  %rry  *l*4ik  liih'a  is  itt»i  Iikrty  m  hr  of  much  value 

ciwifig  It*  llir  iriiti  ti  irtitirfiitg  if  titrleM  f»ir  itoiihiliiig  a  fiurly  lew  |trrrfntrtgc  of 

ifitii  Iriitg  4fi  eniriilwl  l»f  ifw  kllrr.  IVrtecI  ilr»v»i|*e  i%  *4  Ine  highrst  iia|mni«tee.  as^**  electric 
rttlra ’*  miol  l«r  tif  lliirfear-w  iitnl  |»4iigril  Ci  the  eiir  itimeomlili  purl  of  an  inch. 

Tlir  dirrN  iiitoi  hr  4i»¥iliilp||  frre  fonti  riiirk^,  ft«  it  t%  Itmi  even  fiiifrosnipic  crarkfi  wtndd 

itiiliHle  itiptifia  ii  tiiitirfkt  Itrifip  iisctt  m  itn  rirririr  Titstly,  a  fterfeclly  flit  itirface  iiniMt 

t»p  Mpctiird  llir  must  itiiti  m  iiitci  witli  **  tiieiiillic  wiertltim”  fir  **hyrfrati«m 

t«i  It%r|rt'-^  hff 

I1tr  iwisl  fa%aiiiri!tl  air  2  x  4  in.  inid  i  x  j  in.,  or  long  strips  up  to  t  x  6  in., 
Iiiil  llieir  is  iifiwatifiys  it  big  dcitiaiid  ako  for  llie  smiiltcr  siital  sheets  (i  x  i  in  and 
I  X  a  in,)  for  tlir  jfiir|i«He  of  iiiakiitg  micaaitc,  11  iiialcriiil  built  up  of  sitmll  and 
inexpensive  platri  iilioiii  .oo|  in,  in  iliii'kiiess,  with  an  insulating  iTrrient  such  as 
fihclliic  to  forfii  non  rniitliictiiig  siliecti  on  it  foiinclution  of  Ifingcloth  or  |.)aper,  the 
iiitidc  up  iiiateriiil  lifdiig  Ittiiilly  fatlijecicd  to  great  pnsHsnre  under  heat  to  dry  out 
the  slieilitts 

laitly,  a  liirgr  viiri«?ly  of  iifiei  liave  been  found  for  the  ground  mica-™  the  finer 
gimlcM  (iho  iiiiistaiviie  mil  lie  mixed  with  11  solutitm  of  gum  arabie  for 

irtiikiiig  II  good  silvir  iiaiiil ;  or  for  producing  liron/e  like  mhairH  whivh  are  lighter 
tliati  tiirliillic  broiw^’s  mid  nre  ritil  «ti  liiiblr*  to  be  tartUHlied ;  also  for  imparting  a 
iiwtfoui  ap|ienntiif*c  to  wall  papias,  cits  Mixed  with  sliellitc  or  specml  t!ompaundS| 
itic?  iroarser  gratlm  citfi  be  itioiiltlcd  irilo  tlmired  forms  and  find  employment  as 
iiisiilaltirs  for  wires  carrying  liiglriioleiiliitl  tairrciil^ :  fia  this  purpose  the  ground 
mica  iiHisl  be  rriidrrtal  free  from  iiietallir  piirtirles.  It  n  used  in  (*omhination  with 
greascf,  griijiliiir,  or  nils  iw  a  liibricani  for  axles  and  other  bearings— for  which 
piir|Kim!  ii  iiiiiiii  lie  freed  from  griity  mailer.  Another  application  m  its  use  in 
place  of  kieselgiilir  m  an  atmorbail  tif  nitric glyreriiie,  the  explosive  tfius  formed 
lieiiig  kiitiwn  m  mica  powder.  Hut  proliilily  11  more  importiint  use,  in  laamection 
with  icriifi  iiiit;.*i,  i»-  m  a  non  cundiiclor  of  heat,  e,fipet:iiilly  for  packing,  and  jarkc^tn 
for  liciiler«  and  ^eaiii  pipirs,  since  it  witi  iiaiid  any  ahnoritial  htmtuig,  is  praeticmlly 
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free  from  moisture  and  acids  which  attack  iron  and  steel,  and  if  moisture  leaks  in, 
the  mineral  is  completely  unaffected  by  it. 

Production. — The  demand  for  larger  mica  has  increased  steadily  for  some  years  with  the 
advance  of  electrical  requirements.  On  the  other  hand  the  supply  from  some  of  the  older  localities 
(Madras)  is  decreasing  owing  to  the  depth  to  which  the  mines  have  already  been  worked. 
Localities  where  in  past  geological  ages  the  special  conditions  requisite  for  the  formation  of  large 
and  uncracked  crystals  of  suitable  mica  existed,  are  of  limited  occurrence,  and  new  ones  are  not 
being  quickly  discovered. 

The  chief  mica-producing  countries  at  the  present  day  are  India,  Canada,  and  the  United  States. 

In  India  the  production  comes  mainly  from  the  Hazaribagh  district  of  Bengal  (57  per  cent.) 
and  the  Nellore  district  of  Madras  (31  per  cent.  ).^  In  the  former  area  the  industry  has  been  in 
existence  for  very  many  years,  while  in  Nellore  mining  commenced  as  recently  as  1892.  The 
mica  mined  is  exclusively  muscovite,  and  the  following  are  the  principal  classes  recognised  : — 

Beng'al  Ruby,”  and  “  Madras  Ruby,”  the  latter  not  having  such  a  good  plane  of  cleavage, 
but  greater  fissility  than  the  former. 

“  Bengal  Yellow,”  less  common,  but  equally  valuable. 

“  Madras  Green  Clear,”  liable  to  crack  when  manipulated. 

“Bengal  White,”  “mealy,”  cloudy  from  incipient  decomposition  or  interlamellar 

inclusion  of  gas  ;  it  is  softer  than  the  ruby  mica. 

“  Madras  Green  Hydrated”  is  softer  than  the  ordinary  green  mica  from  that  place. 

The  production  from  India  in  1910  was  as  follows  : — 

Bengal  .  .  _  .  .  2,055,872  lbs. 

Madras  .  .  .  .  .  401,632  ,, 

Rajputana  .....  84,784  ,, 


2,542,288  lbs.,  or  11,354  tons. 

The  value  in  1910  was  whilst  that  for  1911  was  ;!fi88,642. 

From  Canada  comes  phlogopite  mica,  usually  amber-coloured,  rarely  colourless  in  thin 
plates.  Since  it  is  used  mostly  for  electrical  purposes,  the  amount  of  colour  is  not  important, 
though  the  darkest  varieties  are  as  a  rule  poor  splitters.  The  best  kinds  are  classified  into  “light 
amber,”  “dark  amber,”  and  “silver  amber,”  the  latter  being  the  predominant  quality  produced. 
The  lightest-coloured  varieties  are  not  favourably  regarded,  being  as  a  rule  more  brittle  and  less 
elastic  than  the  “silver  amber”  mica.  In  1912  Canada  produced  31S  tons  of  mica  in  Ontario, 
and  about  850  tons  in  the  Gatineau  and  Lievre  rivers  district  of  Quebec,  about  a  third  of  the 
world’s  output. 

The  United  States  in  1911  produced  about  380  tons  of  rough-trimmed  and  cut  mica,  chiefly 
from  North  Carolina  and  New  Hampshire,  and  about  3,500  tons  of  scrap  mica,  in  value  about  a 
seventh  of  the  output. 

The  following  countries  also  contribute  a  little  to  the  world’s  supply : — Ceylon, “  from  which 
clear  amber-coloured  phlogopite  comes ;  Brazil,'^  where  the  occurrence  is  muscovite  and  appar¬ 
ently  very  similar  to  that  in  India;  German  East  Africa,^  and  Japan.  The  United  Kingdom 
in  1912  produced  29,962  tons,  obtained  as  a  by-product  in  the  preparation  of  china  clay  in  Cornwall 
and  Devon. 

Value. — The  micas  of  commerce  are  usually  divided  into  three  qualities  for  valuation  purposes: 
“clear” — being  quite  free  from  spots  ;  “ slightly  stained ” — having,  say,  one  or  two  stains  in  four 
square  inches,  and  “stained”  or  “spotted.”  It  has  been  stated  that  “slightly  stained”  mica  is 
worth  about  half  the  price  of  “clear,”  other  things  being  equal ;  and  the  “  stained,”  a  quarter  in 
the  case  of  small  plates  and  an  eighth  in  the  case  of  large  plates. 

It  is  not  possible  to  give  absolute  prices  of  manufactured  sheet  mica  from  the  lists  of  the  dealers, 
since  discounts  allowed  vary  with  the  nature  of  the  purchases.  The  prices  of  the  sizes  given  in  the 
table  below  are  quoted  from  a  standard  list  for  1911.  Discounts  ranging  from  70-10  per  cent, 
are  allowed  on  the  stove  mica,  and  from  60-10  per  cent,  on  the  electric  mica.^  The  relative 
values  of  the  various  sizes  can  anyhow  be  seen. 


^  Holland  :  Mem.  GeoL  Sw'vey,  India,  XXXIV.,  1902. 

^  Ceylon  Administration  Reports,  1903  ;  “  Mineral  Survey  of  Ceylon.” 
^  Trajts.  Inst.  Mm.  Met.^  Vol.  XII.,  p.  357,  1902-3. 

^  See  Schmid,  p,  46. 

®  “  Mineral  Resources  of  the  United  States,”  1910,  p.  919. 
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Stove  Mica. 

Electrical  Mica. 

Size. 

Price  per  Lb. 

Size. 

Price  per  Lb. 

In. 

In. 

$ 

1^x2 

1.20 

I  X3 

2  X  2 

2.00 

I  X  6 

5.50 

2  X3 

3-50 

I|X4 

2.75 

3  x3 

5-75 

2  X  4 

3-50 

3  X4 

7.00 

2x7 

7-25 

4  X  6 

9-50 

3  x9 

II. 00 

The  value  of  ground  mica  (amber)  at  the  factory  ranges  from  $20  to  I30  per  ton  of  2,000  lbs. 
according  to  fineness  and  quality  [c.i.f.,  New  York,  from  145  to  $75  a  ton] :  for  ground  white  mica 
^36  per  ton  for  40  mesh,  and  I46  per  ton  for  200  mesh  can  be  obtained. 

Scrap  amber  mica,  free  from  rust  and  gangue,  can  be  bought  for  about  $5  per  ton,  and  scrap 
white  mica  for  about  ;  but  that  obtained  as  a  waste  product  in  the  preparation  of  sheet  mica 
fetches  a  better  price  than  mica  which  is  mined  directly  in  the  scrap  condition,  owing  to  its  greater 
degree  of  purity. 
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til  keep  pai‘i‘  with  llu*  tiriiianii.  A  h  hn  MiiMtilr  iii.tirfi.iI  Ir'A  »u  ihr  impMiLii*! 
disi'uvery  of  kir|;i*  tii*posits  id  monazite  ‘‘li  <  pait  .  nf  thr  i  »..i4  uf  Itui.ol, 
whifh  fiir  niaoy  yrai^  ttunuHi  liir  -aaior  «*i  pi.i*  I’oaiH  .i!i  llir  tlmii.i  uf  » 

Siua!!  i|ua!iiiU{*^  of  thorianite  aiitl  thorite  .or  al-.M  d  loi  ilir. 
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Espirito  Santo,  aiul  Rio  de  Janeiro,  wlimr  ilir  saiMi.,  \%lni  h  hi  t  m  ,1 ,  hmiI! 

of  ihr  wrallliiillg  of  tlir  iiioii.i/ltim  1  n«ks,  ,iir  iLiliii.tlh  rufit  1  uliaO  4  It) 

liikil  arlitiii.  lliis  t  uiitaijiialiiiii  lakf‘s  pkii't"  In,  \  iiiiir  ut  ihr  ilifiMrjit,  i-  m  s|r  1  iiu 
l^raviiy  hrlwri'ii  llir  lutiua/ilr  and  llir  assoth.ilrcl  imrirmh.,  tthuli  iiit  hnir  *|ii.isn% 
/irroii,  gariirt,  nililfu  loiiriiialiiiia  ii«a  ’!1ir  iirn  rniuyt*  i4  ijuuta.nn  in  !lir.r%aiuh, 
iiaUifally  varirs  biiwi  tui  witir  liiiuls,  aial  ina\  hr  lum  /  pri  1  m!  mi  .4 .  hi  !i 
a.s  6ii  pri  I  nil.  ‘rhr  liiinrial  iiio-.ih  m  tin  fuiin  ri  imr  ui*  li  iindri 

i  iniiu  III  iliaiiirln. 
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Monazites  from  new  localities  in  iA‘}iun,  I’nivanccm*,  Malaya,  Nigeria,  and 

N\aNakiUii  t  S.h\  (hrm.  /;/</.,  33,  56). 

rtiesc’  analy.M’N  wvxr  all  inadt\  at  tla*  lm|H‘rial  Institutt\  on  the  pure  monazite 
M  paialeil  In  an  l!ie  mineraK.  Rt*sults  are  also  givtai  of  th(‘  examination 

nf  saiii|Jcs  of  purt  i!}ona/ile  from  two  of  the  nion*  iin[)ortant  prodiu'ing  localities 
ill  Ihaal  In  llu-st*  analyse-,  any  uranium  present  in  the  mineral  is  indudtal  in  the 
tigiiif  f»‘i  alinuiiia. 
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f  itif  o  Mil!'-  il  IS  fniihiii  ill. If  life  ( 'eiloii  mona/iti*  usually  etmtains  abtaii 
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far.  fiuiiul,  les  ihr  uitihiii*  in  tine  gtaineil  mona/ite  isolalml  from  etatain  sands 

In. Ill  t  iiitt  iiiufeual  of  ihi%  t  liurailn  apiirars  lu  ht»  of  somewhat  itifrequent 

f  us  iiffi  Hi.  f".  flM.isioiiulIv,  s|.w-t  uiirns  aft*  mt'l  with  having  an  unusually  liigh 
s|if'»  ite  |,p.ivay  and  a  eoi lesptiiidttiglv  high  perta-iilage  of  thoria,  whivh  it  will 
|,».r  ',mi  ll,ls  frui  lirfi  i.iVrt  iK  prl  rrUJl.  frollltitll  5  ill  Ikible  I.). 
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The  above  results  show  thill  the  pen-i-ntiip'  ot  thorui  iti  nioiia.’itr  h..in  Ni.eeri.i 

may  vary  between  fairly  wide  limits.  The  averan.'  thuna  coiiteiii  .4  a  l.ir.ee  miinber 
of  Nigerian  mona/.ite.s  examined  by  the  author  was  5.5  per  cent,  for  tlmse  tro„. 
Northern  Nigeria  and  5-«  per  cent,  for  those  from  .Southern  Nigen.i.  1  m-  le-uh . 

show  that  these  mona/ites,  as  a  whole,  :irc  ne;trly  a-,  neh  m  thoiai  ;e.  tin . .-xpottr,! 

from  Brazil. 

T.mii.k  III. 
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From  the  results  of  numerous  partial  analyses  made  by  the  aiilh«*i  uiln'i 
samples  of  monazitu  from  Nyasaland)  it  would  up|a*ar  tluil  llie  avi’rag«*  tliun.i 
content  is  about  6  per  cent. 

The  analyses  of  dVavanc'on!  mona/.ite  sh«w  tlial  it  rontaiiis  a  liiglt  pert 
of  thoria  approaching  that  of  (ordinary  (Vylon  mi»na/itc.  Arconliiig  to  M.  Whtir 
(“Thorium  and  its  ( 'ompomuls,”  p.  loh  fnait  604  prr  t'cnt.  t»!  thoria  ha%  fiitiiid 
in  Travancorc  monazitt*. 

Monazitc  from  South  Afric’a  is  usually  p<»or  in  tlmii.i;  in  Touif  'aiiiplt'.  the 
amount  of  this  tamstittuml  present  is  under  i  per  ciiU.  Sample  *  *»!  ihc  iitiieeal 
from  Australia  often  ('ontain  only  or  3  per  t*enl.  of  ilmria, 

Preparation  of  the  Sand  for  Export.  As  %ian-d  alHoe*  ile  mul  xmd 
may  contain  from  2-60  per  etiU.  of  numa/ite,  hut  in  ordei  in  hr  %,i!eahle 
present  (amditions,  it  is  necessary  for  the  raw  maleiial  to  «  oniatn  at  le.r.l  4  pel  e#iii. 
of  thoria.  As  the  pun*  Brazilian  mona/ile  usually  eontaius  helwrtii  5  amt  it  |i»i 
cent  of  thoria,  it  is  evident  lltat  tin*  sand  must  In:  roneeiiirafed  ho  a*  tr  1  01114111 
at  least  70  per  cent,  of  the  pure  mineral,  and  in  praelier  il  is  fiuur  iiMial  to  tlre'ci 
the  sand  so  that  it  contains  alnmt  90  per  cent,  tif  iiionn/iir.  In  the  de'|irrois,  ilie 
monazitc  is  usually  assoeiate<!  with  a  large  piaccniage  of  ipiarl/,  iHgriliei  wiili  otiiic 
ilmenite,  garnet,  rutile,  zircon,  hornl>!c.;nde,  etc.,  and  dit*  nf  « t nu  niiraiiiiii 

employed  varies  largely  according  to  winch  of  these  niiiicrals  ih  pn-srui  aiitl  ihc 
average  size  of  the  monazitc  grains.  In  general,  thrc'c  prof*c*caci  an*  in  unr.  .a  ilir 
present  day,  for  effecting  this  amvmtniiUm.  {t}  Wct  processes  iiivolvim4  ilir 
use  of  shaking  ial)lcs  of  the  Willlcy  type.  (2I  Dry  blowing.  Iji  Ekctro 
magnetic  means. 

In  the  wet  process  the  sand  is  run,  with  a  sircain  of  w:i!<.*r,  on  to  one  rotiin 
of  the  rectangular  conceiUrating  taldc  (see  Fig.  i),  which  1%  lilted  ho  licit  iht* 
material  travels  diagonally  acToss  it.  The  iiuliviiliial  iiiiiirrals,  asHiHlts!  by  a  jigging 
motion  which  is  mechanically  impsuted  to  the  lafdc,  during  their  pasvage  ariuHH  ihe 
table  arrange  themselves  roughly  in  order  of  tlieir  hpecilic  guiviiies. 
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is  much  greater  than  is  rc*c|uircd  for  cither  of  the  foregoing  processes.  I  his  met  hud 
is  based  upon  the  fact  that  many  minerals  differ  in  magnetic'  permeability,  .’.e.,  a 
current  which  will  attract  certain  minerals  will  leave  otluTs  imafft‘Ctt‘d. 

A  machine  suitable  fi)r  the  is  shown  in  Fig.  3'  its  atuii>n  can  be  sceti  by  icference 

to  the  diagrammatic  sketch,  h'ig,  4.  The  well-dried  sand  is  fe<l  from  the  hi  an  evenly 

distiibuted  layer  on  to  the  band  Hj,  and  is  carried  (orvvarti  and  thmwn  against  the  belt  n.,  which 
travels  just  beneath  the  j>oles  of  the  electromngnet  s.s.  The  constiturnt  minerals  <»f  the  saml  me 


h’a;.  3.  -  Wcthrrill  .Magueltc  Sr|aiaf»»i. 

attracted  towards  the  magnet  in  vjirying  degtees  and  bill  into  the  collniing  bo\rs  aiiiirigrt!  brhwv, 
in  order  of  their  permeability.  By  repeating  this  ireiumeni  twice  a  prt  rluci  coiiiaitiing  femi  tio 
95  per  cent.  (»f  pure  monazite  can  be  usually  <>b£ained. 

Thorianite  is  a  Iieavy  l^lat'k  miiUTal  usually  hnind  in  small  liaviiig  a 

specific  gravity  of  about  y.5  and  a  hardness  of  7.  It  is  usually  reiulily  stiliililr  in 
either  nitric  or  sulphuric  acid.  'Flu*  mineral  was  first  ftnuai  in  certain  stream  bt’ds 
and  gem-hearing  gravels  in  tlic  C  Vntral,  .Sabaragamuwig  and  soudiern  prtivjiiM's  of 
Ceylon.  It  has  also  bt‘en  fouml,  naaaitly,  in  a  placer  depusil  oti  flu*  river  Hushaguf  li 


Fio,  4.  WelhertH  Sepsiniiur  1 1  hagfammath  J, 


in  Transbaikal,  Russia.  In  1905,  about  y  tons  of'  the  mineral  were  e.\|iurlft}  foaii 
Ceylon  and  sold  at  prices  varyitig  fr<im  to  ^’1,700  per  nag  but  siiirr  thm 

only  small  (luantities  have  been  produccaL  lliorianiu*  is  of  iiiiere%b  vimlmnmii 
a  higher  percentage  of  thoria  than  any  tidier  kiKiwn  iniiitTid  (sw  ‘riihir  IV.  1, 

For  a  full  account  of  this  mineral^  set*  W.  R.  DunMim  and  (».  S,  lllake,  /Ver. 
Roy.  Sof.,  1905,  A,  76»  253,  and  W.  R.  Dunsian  and  B.  M.  Jones,  /Ver.  Roy,  Sik\, 
1906,  A,  77,  546.^ 

Thorite  consists  essentially  of  thorium  silicalta  ThOy»  KiCj ;  in  roltiiir  ii  vitrirs 
from  yellow  to  dark  browai,  and  its  spt'cifa*  gravity  may  he  liriweeii  4.4  and  5.4. 
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The  value  and  original  destination  of  the  monazite  shipped  from  Brazil,  during 
recent  years,  is  shown  in  the  following  table : — 

Table  VI. 


Destination. 

1910. 

I9II. 

1912. 

Metric  Tons. 

Value  Reis. 

Metric  Tons. 

Value  Reis. 

Metric  Tons. 

Value  Reis. 

Germany  -  -  -  ' 

2,636 

921,069 

1,890 

868,343 

1,852 

900,070 

F'rance  -  -  -  | 

1,691 

592,321 

1,096 

485,016 

944 

440,680 

United  States  -  -  ' 

1,100 

387,200 

700 

316,400 

600 

287,400 

Great  Britain  - 

1.2 

600 

Italy 

1 

3>S82 

I  reis=  IS.  4d. 


The  total  quantity  of  monazite  exported  from  Brazil  during  1913  amounted  to 
1,437  metric  tons,  valued  at  ^£^8,4.44. 

The  whole  of  the  Travancore  output  has,  for  several  years  past,  gone  entirely  to 
Germany. 

Analysis  of  Thorium  Minerals. — The  complete  analysis  of  a  thorium 
mineral  is  usually  a  long  and  tedious  operation  requiring  much  experience  if  accurate 
results  are  to  be  obtained,  and  the  necessary  operations  are  too  complicated  to  be 
described  here  in  detail. 

A  method  for  the  complete  analysis  of  monazite  sand,  which  permits  of  the 
whole  operation  being  carried  out  on  one  portion  of  the  sample,  has  been  described 
recently  by  the  author  (^Journ,  Soc.  Cheni.  Ind.,  1914,  33,  56),  and  is  briefly  as 
follows : — 

The  finely  ground  mineral  is  digested  with  hot  concentrated  sulphuric  acid  until  all  the 
monazite  has  been  decomposed,  and  the  pasty  mass  of  sulphates  is  then  treated  with  cold  water. 
After  separation  of  the  insoluble  silica,  by  filtration,  the  rare  earths  in  the  acid  solution  are  pre¬ 
cipitated  by  means  of  ammonium  oxalate.  Thorium  is  estimated  in  this  precipitate  by  the  thio¬ 
sulphate  method  (see  standard  method  given  below).  The  cerium,  lanthanum,  and  yttrium  earths 
in  the  thiosulphate  filtrate  are  recovered  by  treating  the  solution  with  concentrated  nitric  acid^ 
and  then  precipitating  them  by  means  of  ammonia.  Yttrium  is  separated  from  the  cerium  anti 
lanthanum  in  this  precipitate  by  fractional  crystallisation  of  the  double  potassium  sulphate.s,  the 
yttrium  salt  remaining  in  solution.  Cerium  is  separated  from  the  lanthanum  and  didymium  earths 
by  converting  all  to  hydroxides  and  treating  with  a  current  of  chlorine  whilst  suspended  in  a 
fairly  strong  solution  of  caustic  potash.  This  treatment  causes  the  lanthanum  and  didymium  earths 
to  pass  into  solution  whilst  the  cerium  is  converted  into  the  insoluble  hydrated  peroxide.  The 
filtrates  from  the  precipitation  with  ammonium  oxalate  contain  the  iron,  aluminium,  calcium,  and 
phosphoric  acid,  and  after  destroying  the  oxalate,  by  evaporation  to  dryness  with  nitric  acid,  these 
constituents  are  estimated  by  the  ordinary  methods  of  analysis.  The  accurate  quantitative  estima¬ 
tion  of  thorium  in  monazite  is  now  a  matter  of  considerable  technical  importance,  and  the 
following  detailed  account  by  E.  White  (“Thorium  and  Its  Compounds”),  of  a  variation  of  the 
thiosulphate  method,  may  be  quoted,  as  it  is  stated  to  be  the  standard  process  employed 
commercially. 

Standard  Method. — 12.5  g.  of  sand  are  heated  to  180°' 200®  C.  for  two  or  three  hours,  or 
until  all  monazite  grains  are  “  broken,”  with  50  c.c.  H2SO4.  (Examine  a  small  portion  mixed  with 
water  on  a  watch  glass.)  The  white  pasty  mass  is  cooled  and  dissolved  in  water  sufficient  to 
produce  500  c.c.  of  solution  when  cold.  Filter  when  cold  and  take  200  c.c.  of  the  solution  (equal 
to  5  g.  of  sample),  dilute  wkh  water  to  500  c.c.,  and  add,  without  stirring,  iSo  c.c.  of  a  cold 
saturated  solution  of  oxalic  acid,  and  allow  to  stand  until  the  bulky  flocculent  precipitate  become.s- 
heavy  and  crystalline  (half  to  one  hour  as  a  rule)  ;  stir  and  set  aside  for  twelve  hours  or  overnight. 
Filter,  reject  filtrate,  wash  the  precipitate  until  the  washings  give  no  reaction  for  phosphate  with 
ammonium  molybdate  solution.  (If  necessary,  use  water  acidulated  with  hydrochloric  acid  for 
washing.)  Dry  and  ignite  the  oxalates  and  filter  paper.  Dissolve  the  oxides  in  hydrochloric 
acid  (sp.  gr.  1.16),  rinsing  the  crucible  with  alcohol,  if  necessary.  Evaporate  the  hydrochloric 
solution  to  dryness  on  a  water-bath,  take  up  with  a  few  c.c.  of  water,  and  again  evaporate  to  dryness. 
Dissolve  the  acid-free  chlorides  in  200  c.c.  water,  and  add  9  g.  of  Na.2S.P;j -i- 5  Aq.  in  30  c.c. 
water;  set  aside  overnight,  boil  for  ten  minutes,  filter  and  wash  the  precipitate  until  the  washings 
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is  accomplished  by  taking  advantage  of  the  fact  that  thorium  is  more  ha.s!<‘  tlian 
the  remaining  rare  earths,  and  so  when  a  solution  c'ontaining  all  tlH‘s*c  is  gradually 
neutralised,  the  thorium  phosphate.*  is  precipitated  hrst.  I'lns  prt*cipitatiun  is 
carried  out  by  reducing  the  ('onct,‘ntrati<m  ot  the  fri‘C  at'id  in  the  st)lution,  eitlu‘r 
by  partial  neutralisation  with  an  alkali  or  alkalint*  t‘art!i  (ammonia  or  magnesite 
may  he  used)  or  by  largely  diluting  the  solution  with  water,  'hite  thotium 
pre(‘ipitatcd  in  this  manner  is  fdtered  off,  dissolved  in  tlic  minimum  cpiantity  of 
acid,  and  the  fractionation  repeated. 

Cxreat  cure  is  necessary  in  the  cunying  tnU  these  npriatifsc*  in  filler  in  losing  any 

thorium  phosphate  in  the  waste  filtrates. 

'The  next  prot'ess,  involving  tlu*  separation  of  tlie  thorium  fnun  tlu*  pln^spluaii* 
acid  and  remaining  ct*rimn  earths,  is  of  eimsideraldi*  iniportauc'e,  ;is  plu^sphates  and 
certain  of  the.  rare  t^arths,  particmlarly  didymium,  Itave  a  very  deleterious  eflei't  vn 
the  lighting  power  of  th{‘  incandesrent  mantle  (s<t  p.  303). 

'Fhe  methods  employed,  at  the  present  time,  for  iht*  removal  of  the  phtisplHiiii* 
acid  from  this  precipitate*  are  mostly  trade  set'rets. 

A  process  much  employed  in  the  past  was  to  hoi!  f!»«*  acid  \olutionol  the  plne<»ph,ile<i  with  ox.dii 
acid.  This  caused  the  thorium  tt»  !>e  precipitated  as  iotalule  wliiKt  the  pliosphoric  acid  irmauird 
in  solution.  'Fhe  use  of  this  process  has  now  hren^l.ugely  discontitiued,  as  il  nrersstlalrd  the  itsr  1  ! 

dilutt*  solutions  and  a  large*  excess  of  tixalic  uci<l,  and  ihus  proved  too  expensive  lot  ir.e  I'-n  4 

technical  scale. 

An  interesling  proct'ss  for  tin*  lenioval  of  the  ple«'.phonc  ueiti  !»\  \ o!,ihli'uilio}i,  has  ht'cn 
inUeutcd  recently  l>y  ('.  Baskcjville  and  dcscri!»ed  in  a  paper  read  hefuie  tlir  huiditli  Itih'owfnand 
C'ongress  of  Applitsl  Chetnistry  ( mt2,  2,  17!.  The  pon-ess,  whtcli  j%  hring  tucil  hv  llir  \\<d%lsteh 
Light  (uiinpany  of  (ptmeester  Lity,  N.J.,  consists  in  mixing  t  |miI  t‘i  itiona/ilr  wnti  01  paii.t*! 
petroleum  coke,  0.8  part  tif  lime,  and  0.15  part  of  f!iif»tH|iar  :  heating  the  wli«4r  in  an  rlrrtrir 
lurnaee  for  i|  hours,  using  a  eurrrnt  t»f  35  voIih  and  125  amprie*..  When  the  tnohiiion  id 

phosphorus  (‘eases,  the  mass  is  allowed  to  cool  and  luntlrt!  wjih  uairr.  f  Iwiitg  lo  ihr  presence 

of  calcium  cat  hide,  formed  hy  the  interaction  r»f  the  lime  and  coke,  ilir  mass  rciulily  dtsinirgrafr-. 
to  a  fine  powder,  with  the  evolution  of  acetylene.  This  powder  is  well  washed  to  rniiovr  i  atriuni 
hydroxide,  and  after  stdution  in  hydroehlorie  in*id  is  ready  for  treitinirni  Im  tlir  srpataiioti  t»t  the 
thorium  from  the  cerium  eartlis. 

Previously,  Muthmann,  llofer,  and  Weiss  had  operated  on  soinrwlnii  similar  liiirs  |»y 
monai'itc  with  curhon  in  order  to  get  phosphides  and  carlddes,  and  fhrn  de«*o«ipti»iiii|»  file  iiniss 
w'ith  hydrochloric,  acid  ((icrman  Patent,  120,416,  Allhoiigh  litis  pr»»crss  rnntivrd  tlir 

phosphorus,  the  final  product  was  \cry  liard  am!  dittinili  t**  grind,  pfol».il»!y  owing  ft*  tlir  iirrsriirr 
of  a  small  (juantily  of  silit'on  cathific.  All  ilnoe  ditticulfirs  ati'  said  t«t  l*c  o^rrcoiitr  |#y  psiskrf  villr*s 
process. 

Another  process  whirdi  lias  tieeri  c’mploy«'t|  con.i.fs  in  Itrani^  the  pliosphatr  willi  alkali 
curhonates  and  then  treating  the  inch  with  wafri,  whii  h  dissofu* .  itir  .otimni  pli.*‘.pha!c,  Irauiii* 

the  rare  eartli  oxides  insoluhic. 

After  the  removal  of  the  phosphoiie  au  id  llu’fe  lemaiiis,  :issu(i4li*tl  %ilh  the 
tiiorium  sadt,  frt»m  10*25  <‘eut.  of  f*ofu|M»iiinIs  of  the  roriiiiii  Utere 

arc  neveral  methttdn  avaihihlc  for  die  sepitniuou  of  die  ditniiifti  from  iliii  miniiiir. 
The  best  known  of  tliese  aire-*^  (t)  /wi’/ie/ifi/  irn/ii/Z/oi/^oi  e/  //V  u) 

Sf/>amRm  fy  mea/is  (if  ihe  dmdir  aihdi  mr/umt/a,  i  3 }  fy  i/if  di^rri  m  «* 

m  s^Mdiifv  (if  ////  fKxa/a/es. 

The  Sulphate  Method  of . separation  is  kiHctl  upon  the  property  whieh  thoritiin 
possesses  of  forming  a  number  of  hydrated  sulphates,  eerliiin  of  wliieh  dtffrr 
.sufficiently  in  solubility  from  tlie  sulphates  of  the  ettmm  eardis  to  iitakf*  a  srparalioii 
possible. 

Anhydrous  thorium  Hulphute  h  i»l«ldc  lo  ilir  rxirnl  id  *4htiiit  2$  per  rrtil.  iii  irr  ri44  water , 
giving  a  labile  solution.  By  raising  the  triiipmiiirr  of  ihis  tcdiUiufi  liVflfaie'i  «fi  hr 

abiiiined  which  are  much  less  soluble  than  the  aiihydrows  sulpliate  nr  il*r  smiiiii 

earth  nulplmtes.  At  tem|wriil«rt’s  lietwren  c/  and  45"  (*.  ilir  wlinli 

out  has  the  composition  ThfHC)4b4  Kll/b  mid  brlwcrn  45*’  and  locf  i\  tlir  *4d|tli#ir  ♦ibiaiiird  Ii4% 
the  cemipositiem  ThfSChly  i  411./).  The  anhydrous  sulphate  is  pirpiitrtl  by  |iraliii|»  llir 
with  concentrated  sulphuric  acid  to  a  icrniirrafitfr  f»|  4«i  i\  Tlir  |irfti|iiri  obiaiiirtl  n  ihwi  dir- 
solved  in  five  mrts  of  ice  cold  water,  and  ihr  solufimi  hcatrd  lo  tC  20*'  T. 

The  solubilities  of  these  sulphates,  mgeihrr  wiih  ilir  rriiiiiu  cafili#,  air  ^lip-wii  m  ilir 
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After  treating  the  theriuni  several  times  by  one  of  the  alnna'  j>reetsses,  it  is 
converted  to  the  hydroxide  or  c'arhonate  and  then  dissolved  iri  nitiir  acid,  giving 
the  nitrate,  d'his  solution  is  evaporated  until  a  tlrop  on  cajoling  shows  signs  of 
solidiiication.  I'he  solution,  which  is  now  in  a  state  of  superfusicjn,  is  allowed 
to  cool  to  a  certain  [loint,  and  is  then  vigorously  stirnal.  d’his  causes  crystallisation 
to  begin  with  the  evolution  of  lusat,  aiui  the  depc jsition  cjf  tlu*  nitrate  in  granular 
translucent  luni[)s,  having  the  coin[K>sition  'rh(N().|),|  -t  .iH.X).  It  is  in  this  form  that 
the  nitrate  is  sometimes  sold  to  incandescent  mantle  manufaeturers,  hut  more 
usually  1-2  per  cent,  of  sulpluiric  acid  is  added  to  liie  solution  just  In-fore 
(Tystallisation,  as  the  addition  of  this  suhstanee  i'auses  tlie  ash,  left  cm  ignition  of 
the  nitrate,  to  he  soft  and  voluminous.  By  allowing  the  acdcl  siilution  oi  tlu* 
nitrate  to  crystallise  slowly,  clear  tabular  crystals  are  cjlitaiiuai  wliich  havc‘  ilic  com 
position  4- 1 211.^0. 

Various  processes  have  been  patented  for  the  direct  %epar;aion  tliorsuni  fi“ni  the  cruinu  raifijs 
without  fractional  ciysialUsatum,  hut  nc»  infonnaticjn  is  available  as  to  wliciher  any  ««!  thc'-tr  ,ur  ui 
use  on  a  large  scale. 

According  to  recent  description.s,  «me  of  the  nujsl  pioiuising  methods  appears  tt»  he  the  use  o| 
hypophosphaie  of  sodium  (sec  United  States  Patent,  of  mij;  M.  Koss,  f 

It)i2,  36,  6*S6  ;  A.  R«»senlu*im,  Ckt'fti.  tot 2,  36.  Si 2  ;  F.  Wirth,  /c/Zn  Ulrei,,  0112, 

25,  167S).  This  reagent  is  staleti  to  precipitate  thorium  t|uantitativcly  from  arid  soUihoiu  whilst 
the  other  rare  earths  remain  iti  sohuinu.  At  ihr  pio^.eiii  litne,  however,  the  tragf'iit  is  too 
expensive  for  use  on  a  eoinnrm'cia!  MSile  in  etmijie*:i(ioii  wiih  the  nu’tho«!’.  tU  fiaetuuiul  ptrej|nLtli«»ii, 

SiKlium  pvroplrnsphatr*  is  state<l  to  a^i  in  a  similar  m.iimri  {wv  K.  h  t  ariuw  and  I  .  U. 
C,.'ampbcll,ye//r/i.  Jfjwr.  ("ht'm.  Sth\,  mi4,  36,  typp. 

'Fire  use  »d" scliaeie  aciti  has  aKo  heeji  patmtetl  |l  human  I’.ilrnt,  .'Ofr,  p;o,  I<|12*. 

h’rom  H0"t)0  per  cent,  of  the  tiiorium  prcsriif  in  mniia/ifo  is  tecuvro-d  by 
the  present  day  nudbods  of  .separation,  ilio  !itiiieiic\  of  ihr  ircu\o|\  usually 
incrtaising  with  the  setdt'  on  wliich  the  opcraii«>ns  air  ciuidiit  hat. 

The  Recovery  of  Thoria  from  Waste  Mantle  Ash.— In  some  CMuniiirs  w.i.ir  maudr  a.h, 
deriverl  from  faeitjry  trimmings  and  uani  nratitlrs,  tome*  .1  sni.ill  hui  utip«*it,ua  .4  {||M|i.i. 

Numerous  processes  liave  been  tlevised  for  esitarhiig  lltr  slioria  ffoiir  fits-  a-di  And  »  ^ao-iinig  if  fo 
the  niinitr*.  In  one  of  thc'se  the  erutle  ash  is  tir4  sieved,  m  ojdri  fo  as  inm  h  ,r  |f...|t4r 

of  the  ashesltjs  fihrc  u-a'd  for  attaching  the  mantle  to  it.  mppoti.  ‘Fhe  arord  a  Ji  o 
for  some  Iroius,  with  twim*  its  uc-ight  of  hot  CMneriiU.i!r*|  •lihlmite  aesd  ;  fhr  pa%?y  nor..,  .dtn 
cooling,  is  poured  into  rsild  water  ami  the  taie  r.iilli*  pits  ipa.ifrd  h\  tin- addafn'O  »4  ainno'inmn 
oxalate.  The  rare  eartli  f»\alaies  iir«*  then  roinnietl  so  thr  lati.tir.  by  taso  ni  ih*-  wrl!  Ltiowii 
piocesHOH. 

'Fhe  cost  of  manufacture  of  ihotiuin  niitair  loan  n. j. cr  \af..r,,  n.  wch 

price  nf  the  raw  nuiteiial,  InU,  in  ihf  past,  if  utnihl  apprti  fhc  lh»'  pii  f  li.r.  by 

the  syndicate  whieli  confiohrd  the  Miiiptit  of  i.iw  imunnnf  •  In *111  iPa/il.  \.s  -  admg  t  Ic  h  hut, 

if  mona/ite  lontainitig  5  pei  cent,  of  iltuba  is  -v^dd  ,if  |»«'i  too,  t  p-i  nec  m|  iI*,,  ua, 

then  thtirium  nitrate  can  he  pf*>ducr»l  at  ms.  fo  17s.  pn  bi  o.  At*  chn  r'.tmaCr  Cv  I  .  U  Inu- 
puts  the  Wi^rl’\  fust  of  piinimiion  ai  to.,  to  psn  liFs  whm  itir  taw  m.aja  ;ir  r.  *-'4,  !  4b,  »;» 

^4  per  unit  of  tlmiia.  Tfie  ainotmi  o|  mMij.i/ife  ir»|itjir4  'o  o;,r  lb  »  .4  f.-.  fim  4I  diorcoit 

nitrate  costs  hetvvecn  .|s.  and  ys.,  if  fhe  raw  malnial  is  b  '■b.dtf  >44  a  b4s!'4  ^.|  |  ri  t:ni!  ,!  ibou.t 

In  the  past  the  pncc  of  thorium  nitrate  has  bmi  suh,-! !  c.  wi.|r>  \  .ifoCi  o’.,  a.  r.  sh-wn  ? 
following  table  giving  price  per  kilo:  — 
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ri 
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10 '7 
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iKpH  . 
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t  k 
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14 
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1 4  p  i 

a  tS  ...  :■ 

lUC.H  ' 

2 

4 

ti 

lolli 

<  1  ij  j 1 
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.  1  1  S  M 

In  June  1014  lechiiirnl  iliorniiii  niirale  rsoi  .ib  an  1%-,  pn  IiImii  !hr  t  ccrd  KjCigd'-sin 

Testing  of  Thorium  Nitrate  for  Mantle  Manufacture 

The  following  i*.  a  !*rief  sinnsnaty  of  fhr  trs! .  wlmdi  bn»-  .b|  |.|  |  4is  m 

order  to  satisfy  the  rraptirrmriCs  ol  ntanilr  mafnifAi  fnirr  >  ■ 

Solubility  and  Colour.  -  Whri}  2^  g,  of  ihr  inii.crii  siitir  1  i,?.?!,!!  ,,  t  »];  oib-g 

for  ten  miniiics,  it  shoiihl  be  rompirfriy  soliiblr,  am!  fbr  ■.nb„t!|..|*  -di  .tb.i  },A>.r  ■ 

colour. 


/•///'  77/(^/v7/’J/  (f'a'/ri:  /\/7\\//n’ 

Ig-nilion.  l*ar  ui'iatr,  asu-i  lu  .i  115  iMi  ’  <1  ;‘.r\  iu:u;i  i-s,  t.I,  '  f'.i-'sir, 

siiituhl  l«‘uvc- a  iCNuhir  m!  ii‘*l  I*  -- i  4  «  nf.  11’. f  .i  .<  li  fr  a  t  a  ui 

liny  pinkish  ;int. 

Ceriuni,  I  h  •ssihr  .!  in  10  c.t".  mI  fls.fhk*!  An^i  i-nl  inii.  iru  *.!■.  »'ni>n.a>- 

soluiion  In  tin'  pjri'jpitnir  fii  4  n*insM|.  !  hr  .1  l-.i:’  n  »•!;  !•  u  » :i.  <1  • .  m|  *s*ii  prn«\:.4'' 

to  thi^  sttllllinii  -.houli!  isnS  ipvr  .inv  .ippi*  ria!  *h-  vrh  rt  .  1  kr.  Ir-n  wyl  nihiras-  tM*M|  |p 

of  i’erium 

Didymiuni.  '!  hr  ,is!i  pmhiu'r?!  I*v  t.h.:  a^.r,  »  ^  :  IrP  4  ||4fi:i4rii  ttitrlMf 

iiiiiJiU<s  in  lilt'  ll.iinr  t*l  .1.  Unnsrn  Innsiri.  \nri  ,  .  ^  1  r.;  ihr  4  4i  : -i  pink  it 

clihvnuutn  n\i*ic  1^  ptr’-cis!.  Tin  ^  n--.!  .m  t.-  I  .  .4!  .%  .  iinvuinl  'hr  fl.iinr 

in  thi^«  .slinuhl  hr  nuh  tmn.iri;?,  .ilr!  fhr  ,i  4l  -h  ;M  .!s  ?.  (  aIh  111,  h*n»s||M'.|!%  1*4  ihr 

(»rdinary  iim!  !4asii  r»nn  rn  if.isui".  I  hr  |  i  !■•,■■■■  iirr*  1  .jh,.  ;  an  iinpiur^  %'Siill  »  or.r 

tnc  asli  to  lirftnnr  limiinnr.  n 

Iron  B.nd  the  Heavy  Metahi.  <  hjh  4  ‘  i.i’i  ■:  .ij  pi  <!i4v  ,-.|  * -ii  no %iii-  4  i* 

pf’i  rrnt.  snluljoii  t»!  !hr  snn.iir  wdh  au  rspyu  v  .*  1^  *  ;.,-i  ,  .  h4!i  .y  >4 

ihiory.umir.  l*n  Ins  *hr  hr,i\\  ior?  tl  .,  4  ‘nr,  !  a  •,  n  .or  ,  '  aU  11  ,  ’>130%*  I  Ui!li  ? 
i4  VV.tlin  -..ifunucnl  \uU!  S|||phr4r»!rh  iuih  .pr:;  \‘  'h  ,  n’‘.  .  ?,r 

prothirrd  uitlmil  ,u*\  Ua*  r  of  t  p>rsnj.'r  <-t4  pir.  ipy  •  - 

Phosphoric  Acid,  I  h.r  fan  ■,h-*4‘  I  Ir.?  ,  aV.-'  r  r  ,v.':  *  i  1  n  !  I  If 

the  r  ♦irfri  ins!il4f}o}i  o|  ]'h  .  »  ,,,''1'’.  ’4  «,  *  ,  "*  r»  !  .  '--.hri.,  al4h  ‘  " 

plsospltalr  is  pirripa.ilrd  i:j  tly  «  n,u  iV  w;!f;  an.  .  -  r,.  .  - 

Sulphuric  Acid  I  o  ,f  h.j'r  o  »  :,.r.  -  .  .|j.  .li  is:rior  }  ,  *:h.~ 

IKUal  nirth>»«I  of  pfrMpJMn-'n  i|r;u  ■  hi  i;4,  pm-.  %  i  h.  |  \\  'o  •  ;  .4 

lltsUilt  flir  nitl.llr  ?*4*a  litur-.  /•.  i.%riph!  .4  .  I  '  3  h  i-  .’lo",  •  ,  '  -  !  K4  rt  ' 

ttafrt,  .iinl  afiri  Isllrnap  «  tf  ’L**  m..  hsh-r  h-- _  >■■  ,4  4  *  - 

ir.tnil  tn.iitiif'i.  \nMiliri  .  j.  m  »hr, -hr  t  •  n-  p|  .  .  ^  1 

,t!ld  add  4  nn  of  h!..|Sfc  4  }*.  ,4;-  P  4  \'  -■>  •  .  f  f  •.  4,  r 

liotn  .til  ah'inof  p.iii  >i  ihr  nr  y  h  pu  :  a  n  »  ’  r*  .n  &  :  ...iil 

iintiiun. 

M.ikn-.  of  niiii'lr*.  5}  ad  or  ,  .  04  -  a  r,  j  ,  ^  r ,,  ^  1  ''rjiij'--,  u,  rkfo 

♦  isnl  ha  itllH  |Jrapoo-  f  1.  .•  ’  ‘  ,  oh  on*  t.  rl.:;-,  i  ^  O'  O  O'  !'.lir 

niliatr  i'tasi  un  id,.:-!  oo  ■■:4  4  >  jhv-  la  ,  .  ro*’,.’.  ■  ^  ph-o,-  ;  .ro'y  .  o 

ipinilon,  4  loud  dni.r  ,r.h  nA-Ui'A  Ir  :  -i  •  .  o*.  .'4  '  .r--  r  '  5  .01  i  .  r-., 

Alumilhttm,  Cakiui»,  mul  Stnlrmip  '  t  \%  -  t  i  ,  k,  .y 

.C'ld,  tlir  drf  f  1 3js;ip'  1  hv  pf*"  •  !| -i!  f  ur  fuJis*.  a  . .  i.  ^  j  •  ,  ■  hl'U-Hr  !  . 

dt\nrfVo  .ilnl  ttrjpiatip  dm  frud-r-  I-  3;,ooaip  !,*ari  |./io,  .  .  «!i:  4  :  40.  '  *  rr.-  i**  !!v.,o* 

il,n^  pi'f  s'l'lil  f‘l  fhr  *h  lOUii  So'J:,t!r 

Influriicr  of  Impuritin  \1  .o-.  1/  ■  i\,d  o.  .,i  >  «.  •  -  a,  <  ^  ,  r,~  ,4.,  ..  , 

to  dllllik  and  thru  .laa;  ’’  Ih  ■’/>  f '  •  &  o  '  '■  o.  o»  i  o  04  ■?  '  d:  4,4-  nia-  .n  i 

l.yisiwnnm  |il'r'd,v.  r  admr,'%r  ,  *  .d,  I  f4  .  V,  .  ■  4  .  .4"  4,-.  r  ■'  o  h  m 

rffr«  I,  4s  fliry  ay  hifipl)  %  .  s  j.,;  '4*  yp.  d'  a  f  Is  '.o’- 


The  Manufacture  of  Iiicandesrrfit  C#as  Manllrfi 

This  itHliV-dti,  wlii»  !i  h,t4  ii«rA‘  4?!aiiir*|  %m»  h  .pj  o;*;,, ,t ,.1.0*44  y/cp  iiiap  |io  ■o.|p|  pi 

alnrlc'il  lil  t  \\  f“l  .d,rf  h  | rid'litri I  if,,  y  o:-  .i*.  ,%  h,.  hdflp  Ifirtlllllli  n| 

;i  tibrrnia  llrfWMlIi  t  »ilti|}nMa|  m|  IIh-  lynfraMl  n.-iirai  .f  ^d,r  aifo  rlfUi|.rf|!4  f  I  frill  li 
iklSciif*  \%c  t  ; -d  d|,  fd  I  d  »  t  .  t  .  a  ai.iti  |d»d  !d  *d< 


I’ltr  In  I  iioi 


*  pud  fit 


C  fhSldll  dl  fklt^  Id,  |,k*yd  n|  I  ..ap'd..,!  ttr,r  -p 

any  k  atnl  hod  iidrr,  pi/hia  .  p  .  ri  | 

fliipiMVIurfil  m!  !h’*|.,p  f'di,  -  oh  <dr  n-  a/\rt  a  ’d  , 
i5,2hrp  Ml  tddifih 

I  !ir  III#  ,ini|*-'4  !  d*  idud/y  *■  ::a  ^  y  ./i  !  !  ^  .,4^ 

Ulilil  Uu'i:  U-iI/fi.i  h  »d  •  14  » 

I  eilh  *4  !lpii|du]4,i  ty  tra/i  raid  i  /  *  a 

Iktfulih  I  «d|,  «d  I  Ui  -  ll*  *!rf  '  pd-p  -a!,  -y  '  >  4 

I4i\iild  I  niy -d  .  .d'f  '(4  dam  .y  u  aha 

eiiiillitip  anti  ilpit  dp,.  4,ddp,.p  ,,r 

tis’i  rc'.iar  ifi  biiido  ,  ;p,  ,  i  »p^.  a  "rd'.  ,h  ,  a.  „ 

ihr  bdlll  Lira  !-#  .ido-d.  ; 

t  liandr-i  «  ,id  r-di  i;.  tf.r  .dd’d  ''  ddr  I  L.  '!f  4 


4.  ;ri.  id  I  , 

.  d  iy  dk.al4 1.  .add  .  h«  4 
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.-yo  .  I  h  Ihpy.p 
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addition  of  varying  amounts  of  crri.i,  1%  Wi*ll  illmaiaiiHl  in  5  i  nnr  ha, 

been  dravvn  from  the  results  of  C».  If  IhoN'^b.u'li  (  /nii/w.  fur  c/ui/y/. 

352;  see  also  J.  Iaix,  Jhr  /n'A7U'^'ifuh\\  loa;,  .‘40).  loiifn  ihr 

the  present  time,  many  o\itk*s  havo  irird  m  piai'f  ni  ihrso,  Inu  h.ivr 

thus  far,  been  found  to  he  so  eftieient. 

In  the  conversion  by  ignition  of  ihoinun  iiiiniif  lu  ihr  i.\idi\  iIioim  th*. 
material  ex])ands  so  that  it  oetnipiis  al  lra%i  leii  liiiir-s  n ,  4»!jgiiial  Uflinnr*  '  Ah 
the  cerium  nitratt*  does  m a  appretiably  change  iis  \o!iuiie  tthni  r^itnetlvd  ii»  tin, 
oxide  in  the  mantle,  the  volume  i.iti»»  of  the  thoniim  oxuli’  |m  Maiiiiii  M\iiie  i, 
999  to  I.  A<'CDniirig  to  the  mnk  f»f  A.  11,  U’liiie  aini  IL  h,  riavi.a  ,  1  Ah/ 

C/re//L  Ind.,  X902,  2X,  lot.A,  too  p.uln  of  ilieiiia  ean  hold  o; 


oxide  ((  V.O,,)  in  stilitl  stihilkm,  .uwl.  tlK-uiou*.  .ill  sli.-  .ruoni  in  ; 

mantle  is  in  the  disHolved  romhiiofi. 

It  is  impossible  give  ;t  fnil  m  t'lnint  ni  ifiiiiiitijni 
m  the  pmee  avidlalilr,  bin  ibr  follnwifiii  1*,  ,1  linef  i.iiii||||r  ui  ili,- 

parts  of  the  prcictAs. 


hr 

1 1  *,<1  froliiiiilogy 
flOiir 


I  he  tarliiT  ntaml.-,  wrtr  in.i.h-  ..f  cotton,  Hiii  .» .  il,-  »  i- 
K>ve  a  decreased  illiuniimi.m  afi.-r  !«•„,;  .. 

hto  been  largely  supip  l,y  ramie  },!«,■  i,.,  sh-  !..  urt  iiuUss  ...j.  t'.-m'U 

artificial  silk  has  been  u-.al  with  -.aii.t.i.  u<ts  n-.iuf.,  .t,  it  ,  ta.  hi.-b  ^lei 

wel -mnintainet  illuitntwtniK  !»*wr!  „t  lanne  lutb  .i  »;(«., f,  .-l.t.Mit  -be  ,h 

shnft  If*'*'*"'!  aie.  theuint.-.  lij..,,-  ,  with  .lanihc..’ 

silks,  whilst  the  I-reneh  in.ike,..  ,m.|er  ti,  n.r  i  „  .  ,  ill  '', 

h  •■•nntti,  Ann:.  .jA  •....iiit:',’'.  the 


J  r  *  /  .  *  III  lor*  i  Miiiiin .  g 

additional  advantage  tliat  ihej,  4.,  :„,t  je.|)iir-  H4,h;,if 


hr},.?  ■  I, lit,*'  I* ' 
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Washing.— Before  being  impregnated  with  the  solution  of  the  rare  earths, 
the  web  for  cotton  and  ramie  mantles  needs  to  be  washed  in  order  to  decrease 
the  quantity  of  mineral  matter,  and  also  to  remove  any  fatty  substance  present. 
Ramie  mantles  are  soaked  overnight  in  a  2  per  cent,  solution  of  nitric  acid,  and 
next  morning,  after  the  superfluous  liquid  has  been  removed  by  means  of  a 
centrifuge,  they  are  well  washed  in  distilled  water,  and  treated  with  dilute  ammonia, 
and  then  again  thoroughly  washed  with  distilled  water.  Cotton  mantles  are 
washed,  first  in  a  3-5  per  cent,  solution  of  caustic  soda,  and  next  in  a  1-3  per 
cent,  solution  of  hydrochloric  acid.  The  alkaline  bath  is  usually  employed  warm. 
The  above  methods  are  all  subject  to  variation,  according  to  the  individual 
ideas  of  the  manufacturer.  A  washing  machine  is  shown  in  Fig.  12.  By  the' 
above  treatment  the  ash  content  of  the  mantle  before  impregnation  is  reduced 
to  about  0.02  per  cent.,  and  consists  largely  of  iron  oxide  and  silica.  Reduction 
of  the  ash  below  o.oi  per  cent,  is  stated  to  be  detrimental  to  the  strength  of 
the  ash  skeleton.  Each  batch  of  washed  material  should  have  its  ash  content 
determined.  In  all  the  following  operations  great  cleanliness  is  necessary. 

Drying. — This  is  done  by  suspending  the  mantle,  in  a  current  of  hot  air,  in  a 
special  drying  apparatus  which  may  consist  of  a  chamber  in  which  the  web  is 


Fig.  13. — Drying  Chamber. 


suspended  on  poles,  or  of  a  special  drying  box  round  the  inside  of  which  the  web 
passes  a  number  of  times.  A  machine  of  the  latter  type  is  illustrated  in  Fig.  13. 

Impregnation. — For  this  purpose  a  solution  containing  from  25-50  per  cent 
of  thorium  and  cerium  nitrates  is  used,  the  proportions  employed  being  about 
99  per  cent  of  thorium  salt  to  i  per  cent  of  cerium.  Small  quantities  of 
beryllium  or  magnesium  nitrate  are  also  added  to  strengthen  the  ash  skeleton. 

The  composition  of  certain  solutions  used  for  impregnating  is  shown  in  the 
following  table : — 

Table  VIII. 


I. 

2. 

3- 

4. 

5- 

Thorium  nitrate  (48-49  per  cent.  ThOo) 

Grams. 

1,000 

Grams. 

1,000 

Grams. 

1,000 

Grams. 

1,000 

Grams. 

1,000 

Cerium  nitrate  .  -  .  . 

10 

8 

10 

10 

10 

Beryllium  nitrate  -  .  -  . 

5 

2 

5 

5 

Magnesium  nitrate  - 

1*5 

1.5 

2.5 

2 

I 

Distilled  water  .  -  .  _ 

2,000 

2,400 

1,800 

t,6oo 

2,500 

Many  makers  adjust  the  impregnating  solution  so  that  inverted  mantles, 
after  ignition,  contain  0.5-0.8  per  cent,  of  ceria,  whilst  the  upright  type  contain 
1.0  per  cent. 


t 


Fu;.  14.  lm|>i’cicms.t}ng  M.uiiiiir,  i*.,  Ariu.y  Si/**. 

Fornuihy  lor  ramie  iiKUUles  are  given  in  t'i»!iiinn%  1  |,  lltr  lieaig  .1 

stronger  solution  for  impregnating  manth'S  inlrntletl  for  upe  willi  higlt  pit-vaiir  ga .  . 
No.  5  is  fur  cotton  mantles.  Beryllimn  nitrate  is  Muariiua'H  fo  ihr 

uscai  lor  impregnating  taaicm  manlle*H  it  iIh’M'  liau’  hi  !«' 
sptanal  sliapes  sm  !i  a%  tliost-  umsI  in  pies-aiie  01  peiiol  g,t . 
lighting,  'llte  time  t»t'  Impregnation  vaiif-.  Iioin  attoiii  two 
W  ■  minutt‘s,  in  the  case  t>f  cotuai  ami  ramie  m.mlles,  lu  ahoiif  fiie 

I  If  a  hours  in  tire  rase  of  eertain  amiifiil  silk  manlier,  If  ihv  ijiiaitlsu 

r[|"B  of  magnesium  nitrate  in  the  iiiipirgnaiing  ‘.oliilion  i.  iiiii*  li  in 

a  ('rc*asc‘cl  over  that  shown  ahtne,  the  linu*  iei|iiiiril  lor  *’hiiiiiiin4 

M  11  off”  is  c'onsidiTalily  rcttiired,  ami  liniee  ihe  t  usi  of  pfoiltn  iiou 

r  8  ■  slightly  lowered.  After  inipregiiaiiwiii  MipertliioiiH  Ittfind  is 

I  P  II  nunoved  by  passing  the  ramie  and  eotitut  inaiiiles  ihfougli  a 

I  M;  M  wringing  maehint*,  the  rolleis  of  wliieh  « an  he  adiiisifol  so  a* 

I*  a  m  regulate  the  c|uantily  of  soliiti«iii  Ic'ii  in  itie  inaiillr,  ainl 

i  ||  |fl  hem'c  its  final  weight  after  limning  oil'.'  Sin  li  a  nia*  hiiie  1*. 

I  8  ill  illustrated  in  Mg.  14,  dlit*  arlilkial  siik  maiillrs  lli»it 

I  superfluous  solution  reiiioved  by  ineaii^  of  a  1  entiiftige. 

I  fi  Iw  The  mantles  arc  next  dried  at  a  leiiiperalure  of  aboyi  jeS  t‘.. 

those  of  ramit!  and  ctaitug  wliitdi  art*  rui  iip  into  lengihH  belme 
impregnation,  ht.'ing  sirelehed  on  gkeet  cyliitdcrs  1  Fig  151,  wtiil-4 
the  sdk  ones  are  treated  in  leiigilis  on  wtHidrii  rtillriH,  Tim 
Fto  IK  -  CilasH  elieaper  grades  arc,  however,  lisiially  rut  up  afler  ifiipfegnalioii 
Drying'  Cylimicr,  tine!  drying. 
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'Ilu*  upright  mantles  are  lU'Xt  luteil  wiilt  a  ^rwu  mile  lasiil,  t» ».  ?  thn  uitli 
tht‘  ashesttih  Ijy  wtiiclt  tlirv  an*  suspeialrti,  unless  ihfsf  wvu'  aU.n'iifii  ft,  fM!r 

impregnatiun.  Invialtai  mantlrs  are  drawn  ingrilu'r  widi  iiiipirgiiatin!  isau  n  !u 
fnnn  the  spidcs’A  and  aie  iKrd  tla'  MippMiiing  unrf  f'>rr  p.  gp;s 


Fixing,  d'iu'  mant!i‘  a!^‘i>  rin|uites  its  liait*  stuaiptlifiifd  ihuM-  pain,  wha  h, 
wlu*n  in  U‘a\  will  he  .suhjrt  Uh!  to  !tirgj*a!r‘a  %tia,in  :  fhrsr  air  ilie  hrai!  and  Un^p 
nf  upright  aiui  the  ptaliun  anuiiid  flu'  liua.  »»l  invritnl  fii.iiith’*..  d  hr  imthfiil 
suHirliiiU’S  usrd  1%  In  lri*al  tlu-sc*  puritans  with  ;t  fliuiniiii  suhifasii  utiifainins  a 


murh  laigrr  pr*>pi»iiiun  tjl'  sails  <4  r.: 
rmpli)\rd  ti»r  inipicgnating.  iH\ 

“  lanning  <»!!“’  Isrr  Ih'IowI,  llir 
purtinils  nf  ihr  luanllr  Nn  tiralrtl 
shnnk  imar  ilian  tin*  hud),  am! 
su  hceumc  imae  rump:ui  aiul 
llicrefbrr  sirunger.  sulutinn 

may  euntai!!  ahmiiiiiii!ii  nilialr. 
ao  parts  ;  magiu'stuui  niliatr, 
parts  ;  humx,  pait  ;  walci. 

loo  parts. 

A  maid  lint*  fur  applying  lliis 
'‘fixing"  liquid  is  shown  in  Fig. 

Uk  In  this  a  kdt  puil  saliiran  it 
wiili  the*  fixing  stdutifiii  is  pn-sM'd 
against  llit*  ilrital  iinpri-gnaird 
manik*  wliilst  thi*  laifrr  is  slowly 
luiatrd.  A  small  quantify  uf 
mrthyl  hlur  is  nUtai  added  tu  ihi* 
sulutifut  in  tit’tlrr  lu  shuw  wlaut* 
it  has  hren  applii  d.  I ii  main 
works  If  is  riiiw  laisiuiuai)'  lu 
apply  die  fixing  soliilioii  hy  fiasnis 
id  a  splaying  mat  him"  woiking 
on  lllr  Arlogiapll  '*  pliltriplr, 
rpngiil  inaiiltes  tirr  usiially  lixril 
hi.’kur  tlir  liiilo  head  is  srwii  tm. 

Branding,  -  If  it  k  desiird 

to  hrand  ihc*  maitlle  with  a  fiaik*  ■ 
mark  iu  inakrr A  name  ihr  drsign 
IS  stanipisi  upon  it  wiili  a  sultilioit 
( oiisisting  of : 

I  Udyjiusiii  lisfoifr  t  g. 

tilymier  ,, 

,Mrjhyl  I4ilr  . 

AIt'»)h‘4  for*  I  ft  rna.  i  ;tiu  ,, 

lU'.nlIrd  w;i!rj 


!«  mill,  ahuniniiiim  ui  nag'nrsitim,  flam  flial 


lo.  ypi,  laiif  t-i  <\r«|*q-«}g  ”  I 

Im  liivrjfrd  \f4Jiilr.,  I  At  iMril  oih* 


'Ihis  ■.I.hili.in  j-iv.  -,  a  lii.m.l  wlti.  h  <  .tn  t.r  ic.s.hlv  hnih  .tint  .liin 

"  litirninj;  (.{i.”  AUtictn,*!,  iij.iii-ht  .it.-  u-.u.dlt,  hi.ii.d.-il  Iud.-,  ,■ 

tiiurc  t  tu  hi.md  th.-  inv.-itnl  {>[„•  i,,  tui,-  luuuntiiii-  ihntt  ..tj  ih.- 

Off.  I  ill*  tuaiitlr  ts  tif'Xt  stt.ijtrii  i.tj  ,l  Hfunlrij  ttiuil.-l  hitft.t  (»li 

In.tii  ihr-  h,ji  with  :i  iUiusm  Jl.uii,-.  l-.itttinh,  [l,r.  Hj.rt.iti..|t,  «s!h 

f)(  "shaitijig  "  .-ttiii  w,r.  |H-r}utim-a  !.y  h.utd.  hu!  ii  i-,  n.,vv  th,- 

t-uMi.m  u>  iiM-  a  utiM-liiijf  NUtiiltr  tu  ihai  ilUj'.tj.iini  tu  l-tj-.  17.  win.  h  1 .  ti.-.if'ttr.i  t,.! 
ilUrllril  Iliatitli-N,  It  (ullHist*,,  ,  i4  Ittuiutt-.  lit  J.M  .  Inillil'i'i  iJi.itsjitril  lit) 

an  irutt  fr.iiiif,  with  a  uierham.-al  arrttnjiriiirjti  fm  i.jt-.iij;-;  ..t  I.iw.-fiui- jh--  i.uti,.-!-. 
and  gas  jirfsMir.%  .tml  u  rmiova!,!.-  i.tir  witli  ih|..  li..u,  tths,!,  th.-" in.if.t:,-, 
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suspended.  The  »»Mne  ^ 

in  order  to  protect  the  operator  fro"?  oressure  of  2-4  in.  of  water,  are 

of  burners,  to  which  ^  row  whFch  is  fed  with  a  mixture  of  gas 

for  carbonising  tbe  mantle ,  the  ash  skeleton  by  subjecting  it  to 

and  air  under  pressure,  being  for  ha^emng  the 

a  more  intense  heat.  The  ‘  burn^g  off  the  mantle  will 

mantle,  for  if  the  PfJ  ^he  useless  As  soon  as  the  carbonisation 

probably  be  so  mis-shapen  as  to  be  quite  useless. 


■n 


Yio,  17.— Burning  Off  and  Hardening  Machine  for  Inverted  Mantles,  *  Actual  Size. 

rxf  tViA  TYiJinflp  iq  comolete  it  is  “shaped”  by  being  heated  from  top  to  bottom  by 

oL  ofX t™,™  blers.  It  i,  uexl  “  hurfened  "  b,  teing  heutad .«  ona 
of  the  high-pressure  burners,  the  operation  lasting  from  if  15  minutes  according  to 

In  another  type*^  of  machine  the  inverted  mantles  are  supported  by  the  lugs  of 
their  fire-clay  rings,  which  just  rest  above  holes  in  metallic  saucers,  which  are 
suspended  over  the  burners  of  a  machine  very  similar  to  that  descnbed  above. 

^During  the  process  of  “burning  off”  a  considerable  shnnkage  takes  place  in 
the  size  of  the  mantle,  the  ratio  between  the  size  before  and  after  tbe  operation 
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being  ilepeiulent  upon  a  numhtT  nf  siu'ii  as  canini  <♦!  yarn,  Ni!t«  ii  ii%nl 

tension  of  knitting,  heaviness  of  inipregnalitni,  elr.  llu*  ft41owiog  ligiiirs  iea\ 
servtMis  a!!  illustration  **rainii‘  sttH'king  “  for  a  ‘M  ‘ iipiight  inanllr  .*o  mu 
long  ;uul  lo  14  vm,  in  eireumferenee  will  give  a  mantle  a!»oin  to  1  |  eiii.  |i»iig  a!ai 

i)  cm.  in  eirt'umfiTenee. 

Hie  nutnlier  of  mantles  vvlueh  can  In*  made  fioiii  i  kilti  of  thoiiuiii  nilrafe 
varitts  witli  tlu*  si/.e  and  <|uality  the  mantle;  for  *‘(*''si/e  upright  iiiantl*-'*  lli*' 
numhcT  made  per  kilo  !>}*  a  well-known  woiks  art*  as  tollinvs:  Best  t|tia!iH\  500 
600;  medium  c|ualit}%  700  Koo  ;  elusip  i{ualily,  1,000.  As  main  as  inaiille  . 

of  the  elteap  (h‘rman  type  may  be  pOHlutaai  fnmi  i  kiluitf  dioiiiim  iiitiate. 

Collodionising’.  d'he  manth’s,  whit'h  now  eoiisi-.t  of  an  ash  skrltit,ig  aif 


l'l‘-  f’'.  <  •»ll  lUfli,  .*4  Sj/r 

niadi'  Mutable  to  bear  tianspuH  In  bring  tiiiim'rseil  m  a  suhiiiitn  s^nnewlial  *4  lie- 
foiiowaiig  eomposili< ill : 


4l<  «lt«  »Ii  'tnllUiMa  f  I  grf  ♦  r|  ‘  I  l..kj  g.ts?-. 

iMhrf  4:^  ,, 

t ■  04,, 

(Asinr  Mil  4  t» 


Hir  iiiafitir,  after  I'ollotiioiiising,  is  sitll  •aiiiirwhat  liagilr,  and  aii|  bloiis  wbi*  b 
il  rec:t'i%“es  will  probably  slifiw  iis  rraeks  wlini  the  iiiaiillr  is  liroiigtii  ifiio  use  lo 
overeoiiii?  this  tiefert,  t‘erliitii  iii:ikrr*i  acid  tiinrgariie  salts  sitrli  as  liir  nuniirs  mI 
ihoriiiiii,  /irroiiiiifii,  or  lierylliiiiii  10  llie  r'nllocltoii  snHiiifni. 

lliis  ii|irmlioii  is  eiirried  oitl  by  iiiraiis  nf'  a  fitattiiiif,  the  uf  \%hhli 

is  illiiHiratrd  m  Fig.  tS.  It  is  riHliiiiiary,  liowrvrr*  in  iiiosi  large  woiks 
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the  operation  on  a  much  larger  scale  m  a  I'loseil  nuun  which  lias  special  an.uic.e 

merits  for  the  condensation  and  collection  of  the  vulalilc  va|H»u!s  tnt^lvcHL 

After  drying  at  a  temperature  of  50  6j'  ('.  the  mantles  die  trimiiHal  ism* 
Fig.  20)  and  are  ready  for  use.  It  is  dcsiral>U‘  ihat^  this  (Irsing  should  Ih“  pnliein.  d 
fairly  rapidly,  as  slow  drying  may  t'aust.*  iiiulut*  strain  the  ui.iiidt*.  ^ 

The  manufacture  of  incandescent  mantles  from  artificial  silk  is  iisiudv 
carried  out  in  a  manner  differing  somewhat  frotn  that  alreatl)*  <iesenlied  lia  laimc 
or  cotton.  When  nitrO“Cellulost‘  is  usiai,  tlu'  impregnateil  tilne  lias  to  he  ilrniliated 
before  ‘‘burning  off,”  otherwist‘  tlu‘  combustion  wouhi  he  st)  ^lapid  a',  to 
the  form  of  the  mantle,  I'his  denitration  is  unncci’ssarv  if  **  uscoNe  'Oe 

used.  One  jiroc'css  may  he  t[Uott*d  tis  an  example  of  the  meili»«l  of 
if  nitroa'clliilose  is  used  (Krtaich  Patent,  4(K\t5(N  U|tO.  I  he  allu  hem;; 
freed  from  grease  by  washing  in  ether  camtaining  a  litlh*  eaihon  ilisulplmhx  is 
impregnated  in  a  thorium-tvrium  nitrate  hath  of  the  usual  slreuglh.  Aliei 
the  impregnated  fabric  is  denitrated  by  immersing  it  in  05  |H*r  eeuf.  ahohoh  io 

wliieli  lias  lu’cn  aikleti  a  little  hvdiul!uo!:f 
aeid.  d'his  ttasitnienl  eaii%es  ilie  iliomim  lo 
he  prci’ipitated  in  an  insoltihle  aiut  vimmii. 
c'oiuiition  in  the  fabric,  which  is  next  washmi 
in  distilled  water,  and  finished  in  the  sana* 
manner  as  are  ramie  mantles. 

Many  patents  have  lieen  giaiiiid  lei  pio 
c’esses  for  the*  eonveision  of  ilir  thoiuiiii 

nitrate  to  an  iiisohihle  foim  whilst  in  the 
fiihiit*,  by  means  of  a  piruptuiiil.  d  lie 
ohjisg  of  this  precipitation  is  to  obtain  ihe 
tlioria  in  a  very  ilc-nse  form,  so  that  on  iiminon 
it  will  give  a  more;  eohrmil  asti  skririon 
than  is  ohtatnol  from  the  niirale. 

Suh‘4;i.iirrs  lor  this  ptifpiisr  iiit  litilr  ei4 

(Kaghsh  Patriii,  20,747,  nnii  ;  nit.t2  ;  ae*! 

iorru'h  tnoai,  i-irfmei-r* 

( Frrneli  4|K,if»o,  HilH,  if'iri;.’.  |j 

I’annif,  414,700,  iinnr\  a 

am  isr .  nii\r*l  with  a  aioii  »»if  i-rfiruol  u 

P.UrfU,  .arh'M  5*  tno»i  c 

'I'fii.s  ineiease  in  storngih  *4  the  a -h 
skeleton  is  a  mailer  of  eoiisiilnahli* 

Fkj.  19.  Mevahle  I  trying  ( ‘rale  for  500  auee  ftn  tnaillles  w|ii«  h  U  ill  he  'aih|rf  feif  tn 
Mantles,  AvUial  Si/c.  nUlt'h  ^  ihriltioii,  stifdl  as  lltose  tisrt|  |m|  i.ii! 

way  eariiagc*  lighting. 

of  Cimrse,  wlien  this  is  desired,  the  tlieriinn  niirale  loed  iiiipfrgiianMii  iFr*!  n.a  1  -aUain  4sv 
sulphate  (see  p,  303),  which  causes  the  nnUerial  lo  swell  ii|»  niuiiiioirdy  mu  tgniii.ai. 

d'he  increased  use  of  pressure  gas  and  vapoiisrti  oil  for  im  aiidest  nil  ligliimg 
has  also  led  to  a  demand  for  extra  strong  manilixs  of  ihis  whu  li  air  iiailirulnly 
necessary  for  use  with  certain  ineandt*Hceni  oil  burners  in  wtiieli  tin*  gaxrom.  pfo 
duct  is  often  delivered  from  the  jets  at  a  pressure  of  ahutti  35  lbs.  lo  itie 
inch.  According  to  information  supplied  Ity  a  manufaeium  in  ihr  I  ‘iiili-d  Kingdoiii 
who  spet'iali.se.s  in  the  production  of  mantlrs  fur  the  liglning  of  railmxi)  cxoiiag?', 
the  most  satisfactory  material  for  tliis  purpose  is  “vist'osr”  silk  ftur  aimu  riiiini  *4 
artificial  silks  see  G.  Martin,  Industrial  Clmmistry  :  i  Organic'/'  p.  3141. 

The  following  is  a  very  brief  description  of  onr  piocfs^s  of  umimldriutr 
employed  (English  Patent,  25,540,  falirie,  if  *HT.rosr*'  fulk  hr  m-nh 

is  impregnated  in  the  usual  manner,  ahimst  rompleirly  «lrk*cl  ami  phmal  m 
a  vacuum  chamber  in  order  to  remove  all  frrludrd  air  anti  nioisiiirr,  Whi-ii  this 
has  been  .satisfactorily  aeromplished,  dry  gasroiis  aimiifiriki  sbwiy  itiliiiitin!  lu 
the  chamber,  thus  causing  a  more  complete  |ireii|iiiaiion  of  ihr  ihori 
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<'ouki  !h'  (>!»tainr(!  !jv  iuinuTsitni  in  ,u|iHniii^  aimuMiiia*  r\t*n  wlirti  iht*.  lillt 
tiratuuaU  is  prctHnlril  liy  Wla-n  ilu*  pu  upilalit «n  i%  toii-.iilrual  I 

f)C  (‘t*niplrtc\  tlu‘  aiimuaua  is  bltavu  tail  l>\'  a  uniiiil  nt  aii,  ilir  niaiiflf 

raiiiovcd,  waslual,  atui  funshial  in  fia^  UM:al  inaniifi.  i’>  <  laiiia-il  that  tli 

tcnsilr  stnaigtli  of  luaatlrs  |»ir|*arril  in  iIhn  rjr.ilfi  llian  fliosc’  4»l  fH|u.i 

illiiininatini’  [Havor  |nr|>.iicai  liy  tla*  oidinafv  piuroH*.,  W'lini  miIImii  laiiiir^  i 
ainploycti  in  tins  pruca'ss,  in  |>Iat*t‘  «»f  aiiifitia!  silk,  fhi*  fahiif  Initiif  iiii|»ii-i’iiaf i< s 
is  sti‘auH*d,  su  as  to  tin*  fibri*s,  plari-d  in  a  vafiuiin.  .nai  lla-  thnrmiii 

slowly  atinu’tUai. 

Anifltaal  silk  niantlcs  usual!}*  h»i\r  l!io  "Iniinin::  mIi,'’ '’liai aiiy,  and  ”  lianltuiiiu: 
|H*rfuinuHi  in  unr  t^iHaalion,  ( hvisip  Im  i!u*  i.iot  that  llir  nuli^ulual  iIjio.mIs 


I  n*  -*•  f.  fM|  riuisiiniij.;  I  |  \f  ir;,sl  '  i,-. 

iiuiiillfs  of  this  !v|H*  hdxr  a  Ifialriii  y  to  |  am!  Iiriouif  fai!afi;df*il  win  n 

railHinisfal,  a  s|troia!  aiiaii|4r*niriil  is  nmrssaiy  toi  hiifUiUH  oH7*  't  Itf  itmraJrs  ,itv 
sus|}rniird  nvri  a  Itihr,  tin’  uiilrf  tliaimii'r  of  whuh  is  fs|ii.i|  lu  fh.it 

drsiml  f«>r  t!if‘  linishrd  luaniliu  so  itiai  Mith  llir  iirail  is  aboir  ihr  lup  i,t  ibf> 

liiirnt’r,  wliirh  passrs  ilirtnigh  iho  inside’  nl  ilir  iiihr.  I  h**  iiiaiiilr  r* 

anc!  slowly  tiicivtal  ii|iW4it|s  until  onlv  tip’  hulloni  is  m  Muifael  waih  ifa-  llainr. 

Atlifif'ia!  ^silk  in.iiiilfs  ti»r  liiyli  piassiiir  iiyjliiiny,  air  oiirii  smt  otsi  limn  iIk*  wniia 

lit  |!k‘  S«4l  llllbllllll  e  olliillioli. 

A  paairral  Irvirw  nf  llir  ijsr  tif  .irliliria!  silk  Ifsf  iw  ailtlrs*  rn!  fiiaiillr  iriaiiutn  Intr 
h  givni  by  In  Wirfh  /fsl,  i«|i  i,  ^|5,  75.M. 

l1i<Miiaiiiifariiirr  III  ihr  rods  amt  rings  foi  am! 

iiiaiitins,  rrsfjrrnvrly,  is  411  liiifiMriniif  iiiaifrr  in  llii .  bniitf  l/ of  fn  iifinloyv,  KliI  rir- 
wliif  h  raiiiifit  Im’  c  nfisiilfrrd  fully  hrrr.  1  Ip-m’  aili?  b-s  af^-  iisiiallv  no!  unilr  i  m 
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the  mantle  works.  A  description  of  their  manufacture  is  given  by  C.  R.  Bbhm 
(“  Die  Fabrikation  der  Gliihkorper  fiir  Gasgliihlicht  and  a  recent  account  of  com¬ 
parative  experiments  with  porcelain  mixtures  and  alundum  is  given  by  R.  L.  Clare 
{Trans,  Amer,  Ceram,  Soc,^  1912,  1 4,  407). 

Testing  of  Gas  Mantles. — The  testing  departments  of  certain  public  bodies  have  instituted 
a  series  of  tests  for  the  comparison  of  the  various  mantles  on  the  market  as  regards  their 
durability  and  lighting  properties. 

The  durability  is  determined  by  means  of  the  Woodall-Moon  or  similar  machine  (see  Fig.  21), 
in  which  a  mantle  is  fixed  to  its  burner,  and  after  being  burned  off  for  about  five  minutes  is  subjected 
to  a  series  of  shocks  administered  by  a  miniature  stamp  driven  by  a  water  motor.  The  shocks 
given  to  the  mantle  can  be  varied  by  altering  the  weights  used  to  load  the  rod  which  causes  the 
shock,  and  the  vibrations  thus  produced  are  stated  to  be  similar  to  those  occurring  when  heavy 


Fig.  21. — Woodall-Moon  Mantle  Tester. 

traffic  passes  along  a  road.  According  to  a  recent  article  by  J.  H.  Coste  and  W.  E.  F.  Powney 
{/ourn.  Soc,  Chetu,  Ind.^  19 1 1,  30,  65)  the  usual  test  which  upright  mantles  are  required  to  stand, 
without  fracture,  is  1,000  shocks  administered  at  the  rate  of  300  per  minute,  using  2  oz.  weights. 
For  inverted  mantles  the  test  is  3,000  shocks  at  the  rate  of  600  per  minute,  using  3  oz.  weights. 
In  both  cases  the  Woodall-Moon  machine  is  used. 

The  illuminating  power  of  the  mantles  is  tested  by  means  of  one  of  the  well-known  types  of 
photometers. 

Statistics  of  Production. — Accurate  figures  cannot  be  obtained,  but  the  annual  consumption 
of  incandescent  mantles  in  1912  was  estimated  to  be  approximately  as  follows  : — 


Germany  ------- 

United  States  ------ 

United  Kingdom  .  .  -  -  . 

France  ------- 

Belgium  ------- 

Italy  ------- 

Russia  ------- 

Millions. 

100 

60 

38 

16 

3-5 

3-0 

1*5 

222.0 
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A  recent  <‘stinui{c  pUictN  the  total  ciuisumptiHii  uf  incandescent  tnanllr^  at  jOi>  milliMii.  |k-i 

aiiiunn. 

AithiUigh  rapid  advances  have  I  een  made  in  the  lu.uuif.uiiiu*  of  incaiide^cen!  nunlle.mtiu. 
country,  there  are  ntiU  mumunss  lunnlK'n.  impoifed  (i*nn  Chnmany.  t’umplrte  .taiisiic*  an*  yec 
a\ailahU%  hut  die  value  of  the  ine.uidesceiU  mantle-*  impoilt'd  into  and  rvpMiird  limn  ftie  riuf^-d 
Kingdom  and  the  Tnited  States  me  %ho\%n  in  the  lahh*  : 


I'AIUK  IX. 


lol  I 


l«li  IMM. 


|\si'«»r  I 


Tnited  Kingdom 
rnilrd  Sfate-* 


I 


**77'  ^  s  / 


K\c»  *u  I  .. 


I'lnfed  !\mgd<*in  iletm,-  maiiulactme)  ico 

Kiii/^dMui  ttMirign  maimt.ufiinA 
riiifetl  Male  .  ,\s,' 


1 1. 


,\*' 


i 


12.  '.tih 

4,  ,  f  i  l 

A‘i; 


Minor  Uses  of  Thorium  Compounds 

Small  |»a'4illr'»/’  coiiKling  laigrh  of  ihMita.  I  '''**^*  If.irr  of  I'ena,  aie  tiiiilmg  m 

f*\»err4\e  tea*  l»*r  hgliliiig  of  llir  Imirliglil  “  tyir,  au  h  a<  is  ii*ri|  iii  .ran  hlights  .ual  Imi  fin- 
hradlsglits  of  mofMi  rai*,. 

'rhrnsr  of  I'rtl.iui  ih*  utitiii  rompinmd.  a,  eon  atiie-nls  *4  magur-amn  f!f4!ihli|^hfc  powders  ht* 
been  pitrntrd.  1*Ihi  ihr  Um-  of  fliMitUm  »  linmialr  iu  ltlti}'-4a!r  i.  <  oirtrd  t^V  I’ ri'te  li  I'afrng 
t.|djoa,  ufu!.!  I'rilam  ulhef  .4if%  jse  mrsiU  atril  m  I' Ji  haSeftf,  I  ir'iicfi 

Kafent,  40 1,7  'riie  t’hirf  I  laim*.  made  f.Mi  {hi-ir*  .  1.  lha!  ifir^  r\.4i.#' t  •».« -j-lfi.d'H 

h-i.  siiimIi’,  when  Inrd,  than  do  lie*  r  ♦•ejailitae.  *4  m.sipirintin  alonr, 

A  tririltoi  ioi  |itr|ntiiif|'  Cfdknclal  thorium  n  ps^rn  on  p.  tie  u  ^  di  u  s*::. 

Ilf  .  fo|  itp  4iid*‘’ji  ettf  flr«  til*  id  *i\  lamp*  i.  »!«"'. * -n  p,  *jf»,4 

iKvrKx  r  LrrKRArrRK 

Siiice  It )  iiiltodiif  Itiifj*  niiiiirt.ai'i  |cilr|il')  liavr  h-rtit  liiLrn  mil  snipfo^nurii!  . 

thf'  mainilarluir  iln*  iiiraitfIrM'rni  iiiaiille  In  ihr  triflowtiig  li  4  ate  tie.  liidrd  ilir  itioir  iiiipiifiasif 
p  gianlrd  III  itir  rtlllrd  liiflgdtifit  An  ailrmpi  li.n  brrii  Mi.idr  I**  ibsuh  llirw 

iM  fite  mil  life  *4  itiv  iiiiptovrttiriil  tiaiwirfl  ;  niiliiiHiiiatrlv,  I  ht »  hai  not  hmi  |«4‘3  4i4*’  in  all  ca-.r* 
HImii  ahsif.Mf » *4  ilie  ttiapitiiy  *4  iltfHr  %|mi}catit»tr4  will  hr  fuiiiitl  iti  thr  /*««##*!/  »*/  /d#* 

I  "k-fmh  ii/ 

Weaving  and  Knsttliif  the  Web.  Engh’di  1‘airni  >,  1,  iJ'.i*  i**.47l 

1 4  nrxi. 

Composition  and  Treatment  of  Fabric  ^fort  Impregnation.  lAiglidi  Xi.. 

IIcMH.  m;,/40  id  ;  t  Ujy».  .iri,  1*14,  |  of  tKijh  ;  nf  ihiij  i  *4  |H>|X;  r* 

n,ot;i  of  ihiUK  i|,riKH»  *4  454.  /^»*747  ♦4"  1*^11: 

2%Mi^  i4  ?.6fA  tif  111114;  34,0X11  rf  Ifoi;  ;  mu 

Imprcrnalsng  Solutions  {ii  llVil  a  As#//  ##.  Mr  I-nglnli 

Fairiil’*,  Nm.,  UhiiK*  Ml  hoXi,  14. 

t4,44S,  30,107,  37,iOu  *4  ^«ii.  11*7  |o,  14*400,  40,7^7. 

*4  lXii7  ;  3, OIK  11,1X4.  i4,J5t|,  tKTK!  ♦»!  lXi|H:  *4  l^m  i  .4 

Hi7*  4U3i|.  i3,i|7  »4  :  Ji.-Hor  «♦!  |tU3:  topuK  ♦»!  1*111?:  fi.KiX  i.f  4334141  nitci; 

I7.4*IJ»4  |t|H  ; 

tJ|  fia  /7#eu'ww  .\44,  ?,h-|0  »4  lHH|;  I y^Kfili  i4' tHHS ;  4,7  |3»  7*  17 l»,.|37*  '*^**7|s 

*4  l%4:  3|,5ti5  tjf  |S«H:  l,S4l,  I4.S4'V  t  *7,104  t4  |.S||,  I4»4ti«f: 

jr),i|3«f  tXo7;\|*i,  iSnH;  11,37  |.  I0.|f4f4  |H«|ik  t»f  t4*3«|*d 

Precipitation  of  Thor ia  in  Fabric.  Kisgh'^'h  Ihiirtii’i,  i4  3t»,747*d  i*^*n  ;  iKup 

«4  :  l4,ifiS«»f  1*^14:  I5,j«i5»4  IWMi:  til  tfnay;  |ii,3j|f»f  tmpHi  J|,4|4  »4 

tt/p.hu  I J,i»h  a7.?ii7  tit 

Strenftlienmf  the  Mantle.  Kiighdi  K‘*.,  7,  33,137  mI  jHii;;  3*1,741.4 

I  jjSi  *4  i|,«tS7  »*f  i¥»7;  37,;??  Ml 

Indestructible  Mantle*.  Knghdi  K-‘t.  .4  itjuj;  1,7s?,  4X,|p;  -I 
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Stamping-  Trade  Marks  on  Mantles. —English  Patents,  Nos.  1,538  and  12,077  of  1899. 

Self-Lighting  Mantles. — English  Patents,  Nos,  16,966,  26,618  of  1896;  15,414,  17,575, 
20,017,  25,268  of  189S;  23,701  of  1900;  609  of  1903;  19,435  of  1905;  255,  18,602  of  1906. 

Collodionising  and  Rendering  Suitable  for  Transport. — English  Patents,  Nos.  23,986  of 
1902 ;  15,696  of  1903  ;  6,814  of  1906;  15,536  of  1907,*  2,572  of  1908;  4,860  of  1909;  11,459  of  1910. 

Machinery  for  ‘‘Burning  Off,”  etc. — English  Patents,  No*?.  25,171  of  1S99;  4,302,  6,952, 
I2,4[3,  17,637,  24,218  of  1901 ;  24,032  of  1904;  6,432  of  1906;  6,556,  12,579  of  1909. 

Miscellaneous  Patents. — English  Patents,  Nos.  3,592,  9,806, 11,287,  16,581  of  1886;  6,236, 
1,195  of  18S7;  22,396  of  1893  ;  1^,309  of  1S94  ;  81 1,  4,324  of  1S95;  12,950,  18,800  of  1899; 

4,707j  95466,  9,733  of  1901 ;  11,042  of  1902;  14,687  of  1905;  6,814  of  1906;  2,240  of  1908; 
27,354  of  1911 ;  19,668  of  1912. 

A  list  of  the  patents  granted  in  Europe  and  the  United  States,  complete  to  1902,  is  given  by 
C.  R.  Bohm  in  “Das  Gasgllihlicht.” 


CERIUM,  LANTHANUM,  AND  DIDYMIUM 

The  oxides  of  these  elements  are  important  constituents  of  many  minerals,  such 
as  monazite,  cerite,  allanite,  and  gadolinite,  but  at  the  present  time,  owing 
to  the  large  quantity  of  cerium  earths  which  are  available  as  by-products  in  the 
manufacture  of  thorium  nitrate,  none  of  these  minerals  is  utilised  solely  as  a 
source  of  the  oxides  (see  p.  299). 

For  many  years  there  was  no  commercial  outlet  for  the  large  quantities  of  rare  earths  thus 
obtained,  which  amount  to  about  twelve  limes  the  quaniity  of  ihoria  produced,  and  constitute 
65  per  cent,  of  the  raw  monazite,  and  hence  thousands  of  tons  remained  on  the  works  unutilised. 
It  is  true  that  the  incandescent  mantles  contain  about  i  per  cent,  of  cerium  oxide,  but  this  only 
consumes  a  small  fraction  of  the  total  amount  available. 

These  rare  earths,  other  than  thoria,  obtained  from  monazite,  consist  of  about  45  per  cent, 
cerium  sesquioxide,  25  per  cent,  lanthanum  oxide,  15  .  .per  cent,  neodymium  oxide,  whilst 
oxides  of  yttrium  and  samarium  constitute  the  remainder. 

The  following  is  a  brief  account  of  some  of  the  uses  to  which  these  oxides  have 
been  put  recently. 

Pyrophoric  Alloys. — In  1903,  Auer  von  Welsbach,  when  conducting  an 
investigation  of  the  properties  of  the  alloys  obtained  by  reducing  this  mixture  of 
rare  earth  oxides,  found  that,  when  filed,  certain  of  these  gave  oif  a  shower  of 
bright  sparks,  which  were  sufficient  to  ignite  inflammable  gas.  This  discovery  was 
patented  (German  Patent,  154,807,  1903,  and  English  Patent,  16,853,  ^903)) 
he  disposed  of  his  rights  to  a  German  company,  for  the  sum  of  ;z^3o,ooo,  and  so 
started  the  pyrophoric  alloy  industry.  At  a  later  date,  he  found  that  this  property 
was  largely  due  to  a  superficial  layer  of  oxide,  which  needed  frequent  renewal  if 
the  alloy  was  to  retain  its  pyrophoric  properties,  and  numerous  patents  were  taken 
out  covering  methods  for  the  production  of  this  oxide  layer  (see  English  Patent, 
8,163,  1909^  French  Patent,  407,117,  1909). 

The  necessity  for  these  renewals  has  since  been  obviated  by  the  discovery 
that  alloys  of  the  cerium  earth  metals  with  certain  of  the  heavy  metals,  such 
as  iron,  nickel,  manganese,  and  cobalt,  have  permanent  pyrophoric  properties. 
These  properties  are  possessed,  in  particular,  by  alloys  containing  from  10-65  per 
cent,  of  iron,  and  experience  has  shown  that  the  best  results  are  obtained  when 
using  35  per  cent,  of  iron  to  65  per  cent,  of  the  cerium  earth  metals  (‘‘Misch” 
metal).  Alloys  of  this  composition,  known  as  “Auer”  metal,  form  the  sparking 
material  of  a  large  proportion  of  the  automatic  gas  and  cigar  lighters  now  on  the 
market.  Various  theories  have  been  put  forward  to  account  for  the  pyrophoric 
properties  of  these  alloys ;  one  is  that  in  striking  the  alloy  small  particles  of  metal 
are  broken  off,  and  the  force  of  the  percussion  is  sufficient  to  raise  these  to  their 
ignition  temperature. 

In  the  production  of  these  alloys  many  difficulties  have  been  experienced, 
owing  to  the  fact  that  the  molten  “  Misch  ”  metal  is  extremely  reactive,  combining 
readily  with  oxygen,  nitrogen,  and  hydrogen,  and  removing  oxygen  from  carbon 
dioxide  and  carbon  monoxide ;  the  reduction  of  the  rare  earth  oxides  to  the  metallic 
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stall*  luiN,  tluTctiH'!*,  to  lie  i'unilurtrd  in  a  \aiuum.  ‘Hh*  prnrc*^%  nt  isianularUiir  i-. 
hriciiy  a^  tuliinvs  : 

If  tli«‘  rai’i*  raiths,  whifli  ha\n  tu  !>«•  rtai\i*iU’il  In  lla*  anli\t!ii»U‘.  rfilt  .i idr 
an*  in  tin*  fnrni  nt  narln auiU's,  llu*y  cmu  hr  diirrih  liK-^nlird  in  In drnriilta!*  aral, 
hiU  if  tlu'V  r\isl  in  tin*  Iwna  nt  malalrs,  Uirv  inusl  hr  t'rn\i*nrt|  |u  IminnuirH  atui 
(lisNnlvrd  in  huirnrhlmir  ariil.  Flu*  ri»ntp*rlr  di’hvdniliun  rt  thr  rhUuti!r\,  lliii-* 
pindui’rd.  is  a  inalirr  of  rutl^idr^ahU*  impoUain’r,  as  in  llit*  LUrr  stages  iiitirh 
drpriuls  nn  ihr  Msifahli*  iirrpafalinii  of  ilu*  nialrrial.  A  piodm  t  rnniaining  rhlondj*'^ 
r.|uivairn!  lo  ,>550  I»«’r  c'cnt.  of  tjxidrs  i'an  hr  rasily  pirpao’d  hy  da*  u*r  i»t 
i'al<‘iinn  i’hloritic’  as  titr  drying  agriiF  Inu  in  ordrr  lo  ohiasn  a  higli«*r  gnnir  pnidiii  1 
it  is  nn-rssu’}*  to  rniploy  till*  ainnuaiium  rhloiidr  pforc*ss  in  onlrr  |o  a\oid  thr 
FanuiUon  i»f  hasi<*  sails.  fliis  poni-ss  <  unsnas  in  liraimp,  tin*  <*riiuiu  ratdi 
riiluridrs  with  aniiuniiitnn  riUoridr  tinfii  thr  lalln  is  I'oiiipIrloK  xnlaliliM’d.  {‘m. 
oprratiiai  is  Itni  laislly  to  !»r  «  inpimrd  unlrss  thr  ainnionnnn  riilniidr  is  in  ovrrrtl. 
A  full  arroiuit  of  inrtfaids  MUlahIr  fnr  lh<*  pjodia  lion  of  fhrsr  aiihyiliou**  <  hlondr , 
i  ■.  give’ij  hv  A.  iliiM  ii  t  /ra/?:.  /v./ar  <ie,/  /‘‘y,;.  (  nji  1,  3* 

‘I1ir  pugKualinn  {.|  thr  aiilndanu.  «  hlMiiilrs  is  uaial!\  undriialo  n  h\  thr 
iitantilai  I  airi  .  t  a  p\ inpli  ii  ir  .iF<  ,  ijMnj  f  !jr  lair  raitlis  iriiiainin  »  a.  a  In  pii.du.  ; 
in  ihr  iiauitilart !}! r  n{  ilitjunni  inlials- ;  llit'.ri.iii  hr  i^htanird  m  s|iianlil\  a!  atiMiif 
(nh  prr  kiiis  Thr  ralt  inrd  1  hloiidr  .  1  o  a  ahnii!  gs,  prf  kilo,  ,uid  thr  iind,  huhaf' d 
piodiii  l  <  an  hr  uhlainrii,  \n  tin  main*  at  ahoiil  pri  kiks 

Thr  diy  1  hltaidrs  an*  n*’\l  r|r«  tn»l\st'd  in  a  giaphilr  riu»  ihir  iiMng  a  iiou 

t  adiodr.  Ill  ordrf  in  1  ondinl  i|ir  inantilai  Itirr  of  p\iophtati  a!l«ns  ufi  ,1 
mnunriativr  sralr  il  is  iirrc-,^af\  to  liavr  t  lirap  rlninr  pown,  and  lo  ttoik  widi 
a  rurrriil  of  ina  Irss  dian  i»5uo  ainpnr.. 

Arrurdinp,  to  flu*  pairni  ol  W.  lion  Im  .  and  h.  MMiknii  tthaiuan  Fainil, 

t7*rV*0»  mOsl  thr  c*lilo||dr.  air  iui\rd  lU  Uir  ptopuHlons  It'pl i *'.r|itrd  In  Uir 
lonuula  ( ‘ft  *!.,  I  t  at ‘1  ,  and  tia*  addiUMU  of  a  Miiall  «|uaii!il\  of  liut^fspai  1. 
rrcaannmidrd.  In  atinilirf  mrthitd,  *!•  .mhrd  in  tinmiii  Ikitnil  tni/, 

a  iiiixtinr  of  dir  aiiindioii.  inmiu  raidi  «  liloiah".  and  o\)i  lif  Jiitlrs,  ohlaiitfd  h\ 
lii'alinp  llir  h)dfoi|..  thiriidr.  to  a  high  lf*iiiprialUH%  is  tnsitrd  ‘rtith  ah  olio!,  dir 
Mityiion  sfgiaiaird  fiuiii  t!if’  in's4it!ilr  irsidtii*  *  oniaiiiiny,  llir  o\\»  IiImi tdr,  and  dir 
aiilndfotis  «  liloi idr  is  dirn  in  m mat  hy  r^apoialiiir  dir  aI«si||M|ir  sohiUoii.  t  li-atia 
niaiirr  is  irintnrd  hv  lasitiiig  llir  anlndioiu  rhliifidr  m  a  1  iiiiriii  nf  i|t\  .m, 

Akiioilgit  dll*  rlri  liiilisis  of  itif-  i  rntllil  railh  tlinifids’s  has  hrrit  in  uiiiiiii-iith’d 
foi  di‘*  prodiifiioii  It!  |||f‘sr  alloys,  ii  has  itt»l  pio\f‘d  saiisfai  luu  mi  a  kirgi’  srair,  .1 - 
dir  iiifillrii  mass  olilainril  is  so  vismd  ihal  llir  tiiinal  piotlin  rd  ratiiioi  ntllni  as  a 
rrgiiliis,  Init  rniiaiiis  st'aiinrd  fhimighuiil  ilir  wlmlr  nia-r., 

For  smrral  yrars  fiasi,  **Aina‘'*  inrlal  has  hrrit  iiiafiiilai  inmt  m  da^  riiilml 
Riitgdoin  from  rriiinti  railhs  itiip  alrd  fiom  thiiiiains  ’*AtifT’  lirial,  at  dr* 
pirsfiil  flint*  f  fiiiif’'  tints  afjoiif  t  ^s.  pta'  Ih.  in  t  hrai  Ihitam,  ainl  tin. 

t|na!ililv  ttill  supply  llir  spaiking  iitalrii.i!  for  aiifoinaia  hghirm 

I, .till  of  dirsr  siitall  plri'to,  **  |{lt's|ol|rsT  tt  d!  pJVr  IlMfti  ^  1 

srpaiair  igniliutiH. 

Ihiophmn  alha  »  am  also  iinphi\rd  in  siana!  Isiindtraii  aiiiii^n  Pa  tlrfunn,  ihr 

tiighi  of  slirli Fiir  f|jt'!ii»ii  ol  thr  all  tlufiiig  ihr  tliylil  o|  da'  slirll  nui  .r .  {!?• 
alloy  to  hiifsi  into  il.imr  sliiudi  .ilifi  tracing  thr  giiii. 

t  hi  .r  t  Iitiltl  of  Us  f  \ltr|i|i'A  fiMi  l;ir  IfalUfr,  **  Mist  h  “  liri  d  has  h*  rn  rmphard 

Crf  IssliiMliy  if'll.UII  Hi!4t|o|\  loudrs,  sUt  ||  a»  iJiO'.r*  of  i5|ii  ||||||,  fanViluiiu  and 

/irroiiiijiii. 

Aiiotliri  |i\fiiplioni  .illoy  I  oniaiiiiin;;  I’riiiiiii  istrili  iiirtils  Is  Kuilhcditli "  ni«-!al 
|l‘'f'riiih  rair!il,  Xo.  lyoni,  I'his  mnsius  of  a  iiiivliiir  of  Iniltalfo  of 

ilirsi*  liifials,  logrthf'r  ttitii  a  rniaifi  propoiiio!i  of  iiiapiii^siiiiii  and  altiiiniiiinii 

Uir  iidxliifr  of  Indritlrs  is  slatilr  hoih  in  aif  and  :i!  .1  faiih  inyli 

Irfiiprratiifr,  hill  llir  iiulnitliial  lii«!iiflrs  air  iiiisiahir  111  aii  and  lo  a-  Indittgrti  at  4 

frit  liisil,  Il  Is  prudtiml  hv  itirliing  ilir  **  Misrh"  nirial  willi  ihf  i**,piisn,r  f|r.an!tis 
of  iiiagfirsiiiiii  ,ifid  aiiiinimiifii,  aiitl  tlirfi  hisiUfir  ||jt,  ailing  ifnis  in.idr,  m  a  iiiiirm 
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of  hydrogen  at  a  temperature  of  about  500^  C.,  the  operation  being  carried  out  in 
an  electrically-heated  muffle  furnace.  This  treatment  results  in  the  conversion 
of  a  portion  of  the  Misch  ”  metal  into  hydrides.  The  following  is  an  analysis  of 


the  commercial  pyrophoric  alloy  produced  : — 

Per  Cent.  Per  Cent. 

Cerium  -  -  -  36  Aluminium  -  -  -  i.o 

Lanthanum  -  >  ’  Iaq  ’  '  '  -  0.5 

Didymium,  etc.  -  .  j49  Hydrogen  ■■  -  -  1.3 

Magnesium  -  -  -  10  Silicon  -  -  -  -0*5 


For  a  full  account  of  the  manufacture,  etc.,  of  the  above  pyrophoric  alloys, 
see  the  work  by  H.  Kellermann. 

Pjrophoric  alloys  containing  ‘‘Misch”  metal  alloyed  with  silicon, 
titanium,  or  boron  have  been  patented  (French  Patent,  396,198,  1908, 
and  English  Patent,  27,341,  1908),  and  are  claimed  to  be  as  efficient  as 
the  well-known  ferro  alloys.  They  can  be  produced  by  melting  the  metals 
in  a  magnesia  crucible  under  a  cover  of  sodium  chloride.  Pyrophoric 
cerium-tin  alloys  have  been  described  by  R.  Vogel  {Zeits.  anorg.  Chem.^ 
1911,  72,  319).  The  use  of  alloys  consisting  of  the  cerium  earth  metals 
together  with  one  or  more  of  the  following  metals : — Cadmium,  zinc,  tin, 
or  lead,  as  pyrophoric  substances,  is  covered  by  U.S.  Patent,  1,102,575. 
The  mixtures  quoted  as  being  suitable  contain  from  30-40  per  cent,  of  the 
base  metals.  It  is  .specially  claimed  for  these  alloys  that  they  are  not  affected 
by  air  or  moisture.  A  pyrophoric  alloy  consisting  chiefly  of  manganese 
and  antimony,  together  with  5  per  cent,  of  “Misch”  metal,  has  been 
patented  (French  Patent,  No.  419,388,  1910),  and  is  stated  to  be  much 
cheaper  to  produce  than  “Auer”  metal.  Anon-cerium  pyrophoric  alloy 
containing  titanium  is  described  on  p.  327. 

Alloys  of  “Misch”  metal  with  mercury  possess  several  interesting 
properties,  but,  so  far,  do  not  appear  to  have  been  put  to  any  technical  use. 
They  can  be  produced  (English  Patent,  I5}507,  1910;  French  Patent, 
414,057,  1910)  by  heating  the  finely-divided  “Misch”  metal  in  a  closed 
vessel  with  mercury  vapour  at  a  temperature  of  500®-6oo°  C.  Alloys  of 
this  type  containing  10-16  per  cent,  of  “  Misch”  metal  spontaneously  ignite 
in  air,  giving  off  bright  sparks. 

Typical  forms  of  automatic  lighters  are  shown  in  Figs.  22 
and  23. 

The  general  principle  of  all  these  is  that  a  piece  of  hard 
steel,  having  a  roughened  edge,  is  made  to  strike  the  alloy, 
thus  causing  it  to  give  off  a  shower  of  bright  sparks  which 
ignite  an  inflammable  substance  (gas,  petrol,  benzene,  or  tinder) 
placed  in  close  proximity. 

According  to  a  recent  estimate,  about  200  tons  per  annum 
of  the  cerium  earth  oxides  are  used  in  the  manufacture  of 
pyrophoric  alloys. 

Fig.  22.  Uses  of  Cerium  Compounds  in  the  Lighting 

The“VVffioop”  Industry.  —  Salts  of  cerium,  particularly  the  fluoride,  are 

Gas  Lighter.  largely  employed  in  the  preparation  of  electrodes  for  ‘‘flame 

arc”  lighting.  For  certain  types  of  electrodes  the  cerium 
fluoride  is  mixed  with  calcium  fluoride,  and  a  small  quantity  of  sodium  phosphate 
or  borate  is  added  in  order  to  increase  the  fusibility  of  the  mixture. 

According  to  French  Patent,  No.  431,040,  of  1911,  the  mixture  may  contain  fluorides  of  the 
rare  earths,  together  with  compounds  of  the  alkalis  with  tungsten  or  molybdenum.  The  use  of 
a  cerium  pyrophoric  alloy  as  a  core  for  “flaming”  arc  carbons  is  covered  by  English  Patent, 
No.  8,151,  of  1909,  whilst  a  mixture  of  the  cerium  earths  and  carbon  is  mentioned  in  English  Patent, 
8,151,  of  1909  (see  also  French  Patent,  414,707,  of  1910). 

Cerium  Titanofluoride  is  also  employed  in  this  manner  (English  Patent, 
No.  13,988,  1912).  In  this  case  it  has  been  found  necessary  to  add  sodium  or 
potassium  fluoride  in  order  to  get  a  steady  flame.  The  colour  imparted  to  the 
flame  by  these  salts  is  corrected  by  the  addition  of  a  barium  compound.  The 
following  is  stated  to  be  a  suitable  mixture  for  the  preparation  of  these  electrodes  : 
carbon  45,  cerium  titanofluoride  35,  potassium  fluoride  10,  barium  fluoride 
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i  ,fnt.  In  ..niri  nuniniLsc.  the  etching  effect  of  the  lluorides  on  the  glass 

I**  t«  t)f  either  silicate,  borate,  tungstate,  carbonate,  or 

iiU7\ei!a!c  »»f  MHainn  is  ^added.  A  recent  estimate  places  the  consumption  of 
t  nuiiii  .  aifh  siU.  in  filming  arcs  at^about  300  tons  per  annum. 

Ccriiini  C«tn)ttle  lias  htyn  tried  as  a  filament  for  incandescent  electric  lamps 
r.rc  /n/, /*  /a-:  7.1/-,  1  ijoK,  48,  416)  as  also  has  the  nitride  (Knglish  Patent, 
u.-n.  ..1  i.u!  n.  iih.-i  apiHsu-  to  have  been  satisfactory. 

Sep.iration  of  Coria  from  the  Associated  Oxides-  ■—-h'ew  of  the  preced- 
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'  ..  .  ^  ,  17  ..|rr4Mhftl  ill  Init  nitrit'  ad<l  imb  the  st4utinii  evaporaten!  down 

^  _  ,  ■  I  .  7  .uiifiiMimnii  nitiutc  hrpuratrs  out  (set*  Wtdshuch,  AA'/ztiO//., 

,  7  4  *  ^  f.  vi,  />’.'«  ,  iHtji*  25*  d7*'^l* 

Crrilim  Nilrair  -  •  4  ma  small  extent  in  t!m  manufacture*  of  incanelesc'ent 

.  I  1  4iiii  fiij  tftis  purpeise  it  should  conformto  approximately 
n  I  •,  .7.r  7  :  ,  I  '  .m  that  rc*quir«Hor  thorium  nitrate  (see  p.  302). 

I  ^  1  •  '  j.  7r4  iij  ;i  ‘ilatr  of  purily  by  leiv  of  the  foregoi^^g  pruerSHfs  ih 

,  '  f.r  ml  i  fmtifitriji  Will  v»UiU«in  «»{  jKJta^suiiii  hydroxide.  The  prerijiitatr 

^  ^  in  nitric  arid,  and  t*va|H»rate<l  to  cry.stidlisafion.  If  the 

^  _  \  7  t  .  .41  •Mini,  gf^uiidar  itntws  of  the  nitrate  are  obtained,  hut  if  crystaK 

/,  j  "A  '  '  A'  *1 ,  ,i|»,-AtCrtl  nearly  to  crystalliHatitin,  rapidly  cookd,  after  having 

,  ,  <  1,  r  llm  mli,  bring  de!tc|uescciit,  inuHt  be  rapidly  duiincd,  and  dried 
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Minor  Uses  for  the  Cerium  Earths  and  their  Salts 

Numerous  attempts  luivt‘  been  matit*  to  utillM!  tlie  rrtiurin*;  pitwci  tU  «rinus 
compounds  in  the  textile  industry,  a  recent  cxamph'  of  which  the  fnllnw-in;  • 

The  yarn  is  treated  with  a  solution  of  cerous  chloiide  f ‘.p. 
dried  and  passed  throuLth  a  bath  of  strtmglv  alkaliiu*  hudiuni  h\ {HH-lilMihr.  Alin 

being  again  dried,  it  is  woven  witli  untieattnl  yarn,  and  when  tlic  fabiie  t!iu% 
produced  is  treated  with  a  dired  cotuai  dyt‘  and  then  run  ihnnieji  :m  aeui  balh, 
the  treated  fibres  lose  their  colour,  aiul  so  a  vari(‘gated  patlnn  A  pr.»dmrt! 
(derman  Patiml,  241,461),  1911).  Whni  *‘vat”  <*r  “thin"  colmirs  aic  iiMai  tla- 
reverse  change  takes  plac'e. 

The  cerium  t‘arth  oxides  have*  retaaUly  been  suggt*Htcil  fia'  use,  with  tin  turn 
pounds,  for  weighting  silk  (K.  Stern,  /A/s.  (Sirm.,  27*  aS#!* 

In  leather  dyeing,  salts  of  tlu‘  cerium  eaiths  have  !iec*n  employ c-d  as  iiion!ant'% 
(see  F.  (larelii,  CRRi^ium^  tmd  W.  Fitner,  6Vr/w,  un  u  37» 

gnd  213). 

As  abase  for  dyestuffs  of  the  ali/arin  group,  certain  cerium  salts  ate  *aaietl 
to  be  very  suitable  (set‘  ().  N,  Witt,  (y/cw/iV“//c  7//^/.,  iK<|0,  19,  156;  aK«»  i\ 
Baskerville  and  T.  B.  Foust, /e///-//.  Ak*.  Clem.  ImR  1904,  23,  104), 

In  glass  manufacture  several  of  the  eeriiun  csirths  have  liem  tiiiplturd  a, 
colouring  agents.  I'lms,  if  1  per  caait.  of  eerium  oxide*  be  aildcd  to  pota%h  gl'Cv,, 
a  clear  yellow  colour  results,  whic'h  is  intensifuai  as  the  (|uantily  is  incif.iseil,  and 
finally  becomes  brown.  Neodymium  and  praseodymium,  tlu*  twn  n\ith‘%  whi«  !i 
constitute  the  mixture  often  termed  didymium,  an*  Hoiiu*time%  used  in  die  uiaitii 
faeture  of  blue  optical  glass  (see  O,  Schott, uler  /vr/.vt ///*.,  1HH9,  42,  26K5, 
and  German  Patent,  103,441:). 

Porcelain  is  sometimes  coloured  by  the  addition  of  pliospliates  of  ncodymium 
and  praseodymium  ;  the  former  giving  an  amelltyst'^red  cuUnir,  whilst  the  kitia* 
produces  a  bright  green  (see  W.  Muthmann,  Weiss,  aiul  H.  Heramliof,  /l/i/iii/r#, 

‘907,  35SM4); 

The  separation  of  the  oxides  of  neodymium  and  praseodymium  from  llii*  oiliei 
cerium  earth  oxides  found  in  monazitt^  is  a  somewhat  lengthy  priH^j-ss,  and  tlii- 
[iroducts  obtainial  an;  not  of  suftit'ient  technical  importance  to  iti"‘^ify  bdl 
descrifition  here.  'I'wo  general  methods  may  In*  tinployrd  tO  I'TuliMiiai  pir 
(:i[)itation,  utilising  the  differtaua*  in  basicity  (4  tlu'  metals  (sc'i*  Muilimaim  aia! 
II.  Rolig,  />Vc,,  iKi)S,  31,  171K;  R.  J.  Mrvi’r  and  K.  Marrkwald,  /*V/.,  t o 33, 
3009;  (k  Ik  Drossbach,  /uw.,  i()02,  35,  2K26  ,  Ihbain,  ,-///;/.  CIjm.  1900, 

19,  184).  (2)  by  means  of  fractional  crystallisation  (wc  I  Haims  and  i  ‘li.iiimf,  /.mu:, 

Amer.  Chem.  Aks,  1897,  19,  779;  ('.  Sclieelc,  /»Vr.,  18119,  32.  409;  !Hat}aicii\, 
Com//es  rffid..,  1900,  130,  1019  and  1185;  R.  |.  Mrvm’,  /c.-Zc  ccer.;.  i»i-:i4, 

4X.  94;  Muthmann  atul  Weiss,  Annaien.  1904,  331,  n, 

The  cerium  eartlis  havi*  been  foiincl  Mutable  fi»r  tisc  as  catalysts  in  iii.iin 
chemical  operations.  11uis,  in  die  formation  ol  Milftluifi.  at  id  liotn  Milphiii 
dioxide  and  oxygen,  tTude  eerium  earth  MilphalcH  iiia\  br^  riiiplopal  fChaiti.tn 
Patents,  142,144  and  149,677). 

I'he  UK(*  of  the  chloridts  of  die  cerium  eardis  for  dt**  |ifoi|!t«  Umu  f4  ihheinf' 
from  a  mixture  tif  hydrochloric*  acid  aiic!  air  lias  been  |i;i!taiits|  ithaimin  Iktieiii, 
150,226).  'Fhe  gaseous  mixture  is  passed  over  die  «  hluridt-s  ttlmh  an*  lesifrd  im 

a  temperature  of  350' 4*80"  (A 

In  photography,  ceric  sulphate*  has  t«*rn  suggested  lur  use  in  irdtn  ng  lie* 
density  of  negatives  ((Jerman  Patent,  123,017).  Ii  has  alst  lir-i  n  fi.tnid  dia? 
paper  soaked  in  <‘erium  sulphate*,  or  nitrate,  is  smsiiiv*'  lo  light,  and  ilir  im.igr 
produced  can  be  devtdoped  by  meaiK  of  phenol  or  ainido  lirn/oir'  at  id  Ce-e 
A.  and  L.  Lumiere,  Ct^m/fes  rem£.^  nHcg|,  ii6»  574). 

In  medicine,  the  mixed  eeiium  earth  laxteiti-s  liaxr  iirrn  uinl  in  lifiiumisi* 
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i  h'riiiin  Mslpha!r  hds  hri*n  lutf’iiliHl  as  a  i  inwUinvnl  «»t  an  eicctric 

accumulator  |!sni:!i%h  i‘alf*a!,  niau  :  al.<»  /V//k 

It  wdN  tuiiiul  h\  \\ .  Kfslina  i“/ui  Ktainlia-. .  df*  Tn ■‘.ulphai 

AlkuiiiulalMr**,"  iLiIlf  aS,  itio|i  ihal  rnium  Milphafi*  aisuiaiilatars  liati  tfinuii 
ad\ anIrii'C"*  uui  iliuse  nuiilr  til 

I  “I  .i  fall  .ir'j’.fiuii  ,♦!  !|ii‘  \  iu»si.  *4  *r ,  |m  ^^hnii  ihr  r.iillu  m.i\  !*f  .in-  i  If,,  i'r>hiit, 

**  I  \  riwriidutu*  4rf  ^rllriP'n  I'isliSa"  Lin|4n4,  l»il  f 
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I  111  !'•'  ti4‘ ..  It  I  a-  u  <  >  fta*  li  sas.^  .  4  at  4i  hrah.  mi  'uj  .il  |3.atr  uviii  r.  iifr'.riii 

\\  i  -U  Car  Ii  M|.  ,  41,-  |t|»  I  i|.5l  4V<1  hv4  -a'l*.  M|»r|sns,i  Strl  IU4Jlj.f4lfr  .t  ,i#r  fillrfr.l, 

A4  ir.  <1$  ^  Mi»|i  41’*  Ot '  'ir.imuas!  irprar.l  I  hr  |sril|»|l4tr  litialh 

alaaiir-l  |.  4'  '  ‘iir,|  ta  hi  It  m  i  iMfi»  4  al,  4«  I  .r  «  rfasm  \r|M4f4^r4  f|M|«  ifir*  iftr ‘sr  l»v 

|i|r,  *|.t  .1*4  n  4-  *hr  '"MlMr,  l5f‘l  I  -  l4«-|Mhr>4  i|*»4i4rt  rM.  \  iiifi  ,4:.M,»i}||t 

af  Ilia,  fiirth  r|  1 8  anrfi  4i  t  t  k  j  *  f‘||l,  Jl,  • 

A  Vtlllllltf'tf !«'  FlWtSi  !<  I  0  -  r  aiJli.r  4  fl  a  ,  f'tJliti,  ju  Oir  |*tr,rit*tr-  UllC-  MUUji  4fs4  ‘brh  l!«si«4 
1,4  l.r.  Mit.il  4M>4ti*#  I  S4  I,  !♦ -ifr  4  Cr^-  i(K^*  ^’u  n. 4  j,|,  |ij,*4| 

Thr  |n  »  ha.  *1  a  [  .■  Si  fhr  lai  Mll.lf  .t  rf  a  ll'"  Ir4’r  rd  '  triMii.lu  |ir|  n  i4r,  4:i*l 

fh4»  Iillu.  Jsr}  ,»4-^  Il4!r  t«  'ulUtU  dl  ,1*  at  4  Jff  Si  r|ful.  '..ih  %  M  tr*|3t  |m  ihr 

‘  ‘  t,  I  *  rf  ,'r!  •a'’  Ui  sfiltjfr  .iMphuiM  A  i4  r*  If  »‘f  aiiifiaUatia .  }  n -.mI*  i.  ahufr.l,  ?hr 

'1  4  /••  U  hrjlr  1  i  ‘  t  .a.ih  *  ri|r»|  |m  ^  t  I  ^  i  hj|’!.r|  ■^statifa>  m!  m  ‘j  ^  *,1  |. ri  •  i4|4al’r  .?*|4r4. 

*h<*  .  if  /}  .?!  4  .!>■!  *  «|  1  4  "•  uau  Sh'  |r  1,  at  M*hr|  ♦  ;  m  | tr}  4}||»fi45r  aa.ir  I,  liir  ihr  a 

*  t'  C’H  '  •'  1  j  I  a  u,  hr-,  mill  *l.r  t4  fjfj  u  •!  .%  Juifhri  I  aUlhl'V  *4  -.r,||.|*‘4l  '  ,ii  III  111  Ml.lrf  I  . 

ar.  r  C.r  frr,4a4’},|,'  |  r  J  .u!|  .'ll  %*r  ,\i*r|  ,  ^4r  !a*  S  *U,  ^ r  .  ■  ..f  i  .l.iUoialtl  "a4»l;M||Mf 

i*!  It  Mfr,*  I  *'l  ■  ’  ir  I  4  ]  »■  4  41*4  *hr  4tj|  ,  >•*!  ij'S  Shlh  r.|  iU  I'-ilu  U  a  C.r  -uhli!-  ifr  i  .  rs!  }f|tafrh 

^  .  thiah  I  ttt  S  A  *.ii  ha4  •hi’'"  n  m|  a  a  r  *3,  am  arnti  iii^atuatr*  |  Ir*  ,?$  S  flir  »  rf|  -,4,1* 

|«.s|-  i.r  rii|4|M'1ira  4*-  |.4r,:A-, 

Jl  r«  f  I  M  h  t  r  J  1  f  I  I  I  M 

|‘M|  ;r!4,|’i  I  i:  r-  ^.4  -  ,r,3%  Sf,.  ttha  h  .«r  ih^r.rviAtf  III  dl-"  sa||)iU|f  •.i{|  .<!  !!||.  f|r|r*f  i  41  C..*'" 


|sf -4' •'■'■'d  -.h  .  Ai  ;  r  .U-..4'r,| 

A  ]|  r.3  I  ,s  *'■  _a.._,  ^  <  .j-,1  .mUmI?  all  \  -i  ls.l.  l-rr*.  llhr.'l  hi  II  Aia  44  i  Iw.hj'i?*  iHi  1 

4^9 ■ 


Ark!l0Wlt?4^fllfflt»  flir  auCi  4  ii  iitCriar.l  ?  Mf'tif*  W  Still  A  Co  .  m|  <  haflr-.  hffrrf, 

ll^lljfli  liat-irfi,  I  I  f  if  i|r!.A5l’i  .<■ . ifiMrf ||i|i|*  f||r  M-atHifa  hiir  ?*!  »|ir  -tiir.  lal  Ijiatillr’,  Ii%r4  |m| 
mpl  Hi.  iSlidni- r|a.  .r.i|  |•rh!st■.|^  -sfiri  !<i  Mtffft  Fftik,  StAdrIlimilfl  A  Co  ,  m!  l.-aHi-lMii,  I  4  ll,r 

*4  4r,  m|  4taM.r1.4hA  |,aii  hijlarfi 

.?  I 


Vm|  II 


SHCTION  LX  Will 

'rJTANlUM 

I'.V  SviiNI'V  j.  jciHNNIONF,  C. Sr.  (  1  (iiK  1. ) 


l.I  i  I'  R.Vl  IT.!'; 


i:.  Sii'i  i.ii  1  I'.ii.rni,  .111.1  ..II  •  I  i.  .11.  ,iiij._  1  II,, I  .,j  1  .•.,i,;i,|,.  ( 

In. 11.”  .I/.',;.  nil,.,  i  In.  i, u  r!,.!)  li-h.-rM!  hv 

«  n  fif.yjiuijj  .uhI  ti  .  :s  .r  ® 

I  L  4i}'mi!s«‘|J  Alnl  I’lLUiitllU  «  /i;  ^  fjt.  {  ;4 

A.  j.  IL»  4.  '* ‘rif.utilrrMtj^  i  Jir.»  ui  {hr  |:LiM  Imthur," 

lXt»  L  21.  S 

'* 'I  hr  \!;ysuf»n  tilir  »*f  I’sfiiiiiiifii  i!-.  |  ^  l*if  4 », 

C*.  11,^  \\  l  i  laUL  ,«-•*  Inliit.riH'r  <|»|  itLitHUln  *•«  ^vr|!tr|»4!f.  »tt  JI,  |;r.%ri}ir‘i  iLtirSfrr! ,  ” 

Aimn,  SiK.  /r#  #4.’  ,  10,  u, 

K,  W,  Ift'l.  Ill H}|4i  h  lltrirtu  )  I  tr«fiu4l  ! Nru  \‘i|L  IMI  I 
l‘|..  l.fNOv 

f'.  Km»HI  I-:.  llilii.iKi.  Xfn\  r  u  Mrf!.  .4  \  »,:sijiiry  u  Ai-.iIim./' 

|y  y  ♦. 

K.  I  »ri  IlllfUii.  t|r  Aiit  Sl.lhl,  %i|}!  ** 

I  /* ;  i'«.  lot.o,  I  Mi/i. 

I  llaimnii  *^.1!!.  ill  l.r,iJ!ir{  '  / ,  ,i  /*..»/.,  4'  141  L  46  |H* 

.art  JtAh  *  *'*  *  ^ 

lit;-.  . *' 1  If  U}}i,ut/'  J/ff:.  /Vi'  ,  1411,  I'  J  ,  1  ij44 

I.  r.  \|  riLiiiilrl-if.  1  fir*,  i.f  iLr  M.iSr  .  lliry  I  m  •.<  liar 

\  .ilsir,  ’  /*. -V  /Li-  .■j  f.,|,  \V,r.hili|:L  .|s,  Mil 

1.  i  .iipI  ,s\LNIV  |,  'LHitiyrrifr  Ir/.m  ihr  LrtfriaL-.l  Shir’ 

3/if#4  J/4,4,,  lyli,  16,  ,L*4. 

‘rUAHILM  I'H  Ifllf'li  i|r-.i  I  ihrti  *14  liflliy;  iiltr  nf  |{|f'  r.ilfl  llifiah.,  fill!  llii-.  i-.  fiyitilv 
M»Ur4  L  ;t4  II  <4ilL4itlllf'4  iifir  iif  flii^  fru  |ini4f  fi»miltM||  lili  Lif-.  |it|jsit|  iti  .i  nf 

I  utlihttiilliilll  nil  llir  rilllli‘4  ^tirhtt  r.  I|4  n\{f|r  }*,  4  niH  4lll|f’|||  n|  !ji4in  Miihi.tinl 

Natural  Occurrence 


rill-  IJIU4!  luiiiiiiiiti  |||i»t|r  *4  u*  t  iiifrf |i  r  tif  r|f  IliMif  ifi  iiafiiir  f.  4,  ifjr 

tiliaulf*  rric  » J,  tillirl  ahnif  44  !hr  lllillf'LlI  Itifllr,  14  III  t  tf||il»l||4ll*4i  uifti 
n\tcif  44  ihf*  miiifial  iliiniiiir. 

Rutile  tL4l.llh  44  4  filtt  k  n|  trd*|L4i  liliHUi  ItlllifLlI  4  %|ifis|‘|r 

giaiilv  nl  ahi.iti  4.J,  .iiiti  <Mni4iiiiiig  9K  t|i|  |«  t  t  rut.  *»!  hUiiu.  M\itlr  t  |  jf  1 

Inia-llifi  wnh  I  |H  f  «  f-Ll,  i>!  |rl|}i  l!'r  O.J. 

Ilmenite,  *4  UijiiHi  iml*  iimi  141%  1%  an  nuiihlok  iMiii  i.il  Ij4\iii4  4  -.|k»ifn 

giaulv  mI  ahMiii  4.f:  aiiii  i  » aitaiiiiiiL  u  nl  |«  i  «  »  itf.  «»!  titan!*  t.^nlr 

(1*10  J  anil  47.1  |iff  |4  IfflHlla  M\!l|f’‘  li’»4)h  ♦  #4  frs|.».,||tilli4  In  4  fMflllllla  hri  I, 

l*i().,, 

C  ioiiirnik.  1 1  ailaiiniiyf  a  Lifgr  |irnriii4L«‘  *4  niafin  a??  Splienc 

titanite  imU*  at*-  ni  i  ah  iimi  .mt!  iii.imtim  i,  aiitl  bfookitc  ^  I  iO  j, 

Alinlhfi  liiiiP'ral  Millril  StrUVente.t'»>lit4l!iliH4  4  hill  |k-t*  C||i4^,r 

<4  ItLiiiiiiiii,  lias  hmi  ffiiiiitl  rt4  liiih  in  liakuia.  In-il*  laii  «|  \f.iLi\ 

Stairs,  an  ainl  ;iIsm  in  IhrilniMiif,  Iialv.  A  |i4|ir!  I?\  f*.  i  n,i,t  ifj,- 

itiiliini  tlfsrrihiiig  litis  ittiiinal,  as  fiiiiiil  m  ifir  Fi-tiriairl  \|;iLi\  , 

iliriiiii.il  analysis,  will  hr  fraiiiil  in  llir  Jfsps  ini  l6, 
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Analysis  of  typical  spisaniriN 
following  tal)U'  :  - 


of'  certain  of  tlif 

'r\!ni*  X. 


minria!  »  arc  guru  iti  ihr 


1  4nmula. 

I. 

i*iee> 

i'tuetiit‘*. 

Una 

( ’ai. *0,0.1. 

Oisfe. 

Uuivu  Mix 

1 

'Sphror. 
t  iio iipc' 

1 

N  I'ixrnlr. 
I'M  \LiUy 

t  “«n !» »ii. 

hiWU^  1  *.  1  ' 

i'rj  <  ‘'l.t 

IV5  t  rM 

l‘.  J 1  -  .f 

|S-5  i  ri  * 

r  t  t  n  t 

“Titaniutn  di^xitlr 

Tn>. 

04.72 

52. 7  1 

1  i,S2 

•Is  :i 

I‘’errouN  oxide 

Fe(  1 

He  t;t) 

jguS 

;o. 

s  27 

h'rrric  oxi<U‘ 

Ke,<>, 

2.  011 

S.eS 

14-  !*♦ 

Liiiu' 

(ati 

2S.1A 

Magnesia 

MU<> 

15.70 

Sen 

il.  50 

u  pi 

Silica 

SiCK 

o.yti 

50  to 

U  2m 

ManganoiiN  oxide 

MnCt 

0.42 

n*.  7  2 

If. 1. 1* 

Niobic  oxide 

Nb,tp 

Il 

Tantalic  oxidt* 

'r.i.i  i . 

ivoo 

Stannic  oxide 

Snt  1 . 

2.ri? 

Water  « 

0  ,4 

n  I 

I.  **  Kojsnt  ois 

Miiua.il  Suo f'l 

1  C  *r\  !-5.. 

■t  4  |!.j 

•  Ml  e,-j 

2,  i,  t,  n.mab 

Min*‘ialMi»\  / 

‘  Otii  !■  .|C5'  •: 

!0  pg.  2  IS 

.r  4  7  i  2 

5.  f.  j*4notoijo,  JAi; 

,  .  1012.  16. 

22  1- 

Of  the  iuiiH’nih%  ilc'M  lihi-d  alnai*  ilir  iici.!  imiiitc.n  ..  rutile,  '*»  a  l.iigo 

dcgxsils  arc  nuclv  f«»iuui.  On  tin*  uilif-r  Ij.yiil  lie*  1  *  pcii  ilnienite  .  Liimimi 

to  octatr  in  large  qtianuiies  in  many  h«a!i!i»'‘..  rii.ina  ♦'\u!  i.  .i  hoiimi 

constitnc*nt  of  main  iron  orr%  and  h.inxit*’  - 

Geographical  Distribution  of  Titanium  Ores 

In  vii'U  t»l  the  soiiif'uhal  hniili^d  t!»  luaiid  a!  ih  ■  p.O‘ .  iC  tiiic  l«»i  fil.iimsiit 
mineraK*  il  \ul!  •’  !«»  nemiiMti  miiIi  iliM'..  depM  C',  li.i%  !**■?  li  .ihr.nh 

W<  irked  n  >  s*  mie  exlell! . 

In  Europe,  ihr  ilrp^am  et  iiiiih-  n- ai  f\eec"Ot,  fli-  *4 

Krisliansuiid,  in  ..  :i  i.ci  p- i  .eneiiri  n!  lu.di  ,yj,dr'  imilt- 

eonecnlrati'^. 

In  die  United  States,  fniil*-  d^|«*,i!  |34\^  iir-.rii  imi  at 

Roseland,  neat  Aimmioii,  Xf’h.Mii  l 'mwoU  lie-  fimceai  4<tfia4ii!r,  .iliMni 

4  per  ol  miaiii  pj'giiiaiiii’  ,iiul  In  « in  Jiiti.,:  jial  *  '/‘iiti.ifiMO  .i  iiomPp  l 

Conlaifling  OVfi  qH  pri  i  ran  i»f  lilUh*  |>  i‘‘'.\!mrf.d  f’rn?ei|!«  r  %  i4  t  lalfrd 

States, “  itjuiH,  pi.  i.,  p.  7441. 

In  the’  Australian  Commonwealth,  ‘anall  1,4  fiiup  p.ix,-  h.-ni 

proclneed  from  ‘ralmiga,  SMiiih  Ati-4iaha  f“R?'»o!ii‘4  of  .s,  Air.fi.ilia.  ‘ 

1 90S,  3510, 

Commercial  Value  of  Titanium  Minerals.  A*  »idi  i4  ihr  li-v. 

commonly  used  minrniK,  this  i%  largel)  a  of  nrpdiAH^»n  hrimmi  hmrt  ainl 

seller. 

In  Ihcat  iliiiatii  tlifrr  i-  i|riii.4ft4  f-*!  nt4nrii«  ,4-..  ;.:4l  414. |r 

In  dif  Uniietl  Hiiiii*'*  liianilrtMtc.  ie»f4  err  it~nn  Uir  A4tt  l  ^5  ’a|4<  i-I-,  14  |M't 

rent  T}0,j,  ifi  rc|Kirlfil  l»i  lir  f.if  i|jt»  ijumd.i-  021^  -4  4^  r,  i  ’  .  r.  j  .  -'i  ’  >ts.45isjf3(ij| 

According  to  the  tiianitim  rsmiftn. 

The  mle  of  riiiijr  cofircntfittr’i  4p|jrjf 's  ih  ti-?*  »  .3  Im.";;-;,  l-o  e  »-  ^Iriu  -iii.i 

If  Mitall.  ACOwliftg  III  tifir  i4  till*  Urijr-a  ri  irAr.g  43f*-r  ,2 

A  gratk*,  camiamirig  tillin'  rrnt.  «f  liiamiim  dcixdr  |1  a yp,  ..uli  UA-'r-j  ,4  -4, ,7  ,e  loiN,!  |..rj  f-'-n 

(2,000  B  paar.  wlirh  lamiaim  7^H*i  pn  iTf}!.  .4  Teg.  jiA  ihr  fr?i.44n  ir? 


ri  r.ixjrM 


sells  at  |«rr  tnu  ;  I'laslr,  \\liish  is  Lu|‘fly  iliitriutr,  and  tnntaiii'-*  5:;  ruj  pi  ant,  (4  I’l* 

sells  a!  $40  |»ri  !i  <ji. 

Statistics  of  Production,  t  v^iuplrfr  lelmr*-.  ao*  U.*!  auula;  Ir  h  i  tlir  lami  ata  !i  <4 
('ii\  ltt;t  liif  lul|MUsn‘»  S'.f'tiir*.  ui.iy  I'f  «•!  -.eavi,  r  : 

•r\i:|F  \L 

HHin  OH  I.  Oil  4  OH  V 

Tiai  ..  X'.iirr.  \‘alur.  ‘I’,  u  \  ah  e  1*.*!^.  \  allir. 


X*-o\a\*  5« »  7f»  1 ,  ;t « (  o  u 

I’llls'd  'States  JW'o*  «»/■>*''>  .  .  7'*'*''*' 


Utilisation  of  Titaniuni  and  its  Salts 

rp  !•»  uithiii  a  If  \\  \ia!<  lilfa'  ii'f"  u.i  .  Imuih!  I*>!  Oiaiiiimi  uoih  otls. 

NilUMOais  ,ilO  fUpt  .  ll.o!  la  8  0  ill.olt  IlMiJi  four  hi  IllHf  10  fhf  I  OIO  »! 

atitl  flawlno'  o»  MOflt  I  iLtnil*  I  Mil «  io*ii  no-  ufi  a  » MiiiiiH  o  i.i!  a  ,ilf  ,  Inii  i!i«- 
mI  ihi'M  Hi-O*  al»40«l«»i|<  t|,  .111*1  a!  lll«  |iO  .riil  fllltr  I!  l.  !»♦ 

Oripiflatr  .1  'Hilr  111  llir  ril!!i'l!  K  |||*.‘»  1<  4U  *  »t  MfO  *M!ll4!lliU4  *0*1  | »«  I  I  f  ill. 

of  lil.ihH  <*\idr. 

1*1. r  Mltpc'tuai.  itigr*!  4  tfa'  u  <4  !  H  anifri- ai .  “it  r.  ti-  >  ilia'  If.-e  n<4t  » fa, 

MialfJfiO  IS  *4  lOlrtini  *|uals!\,  lai!  ihi!  ! !  tr  m|  Oiiiai  \  n-il,4n!‘  'la'liO.  4  .  ‘4  fl,r  14. i  *  lnii.atr 

a  |ia’ 4a|‘  i.  |iOHlu<»*l,  .uttf  |‘,iiu 'O  ^4  liOHauia  ia03*lf  .  4a-f  !  lu  O.*'’  hi|4.M 

m|  lisr  faiJiai  r.  It  lia  .  Of-rti  .floWU,  fli.i?  ea**!  I  liilalili!  *»'a?l30Mj  'hr 

MjirlflfiO  >4  flir  a*  mi*-.  1.  I  MliauM »  ialll.  |<  s'i  Ir.  |  fa  ..  o*  lla  S.  ti.Or.ll-*.  ‘!.;r  ;  ?1  li  IM-U  ..|t. 

*aifyit4»  liMSii  S  I.,  |(f  t  irui  .!  OOOUi  -  .hi‘  *«-!»  sario  4  ta  *  .  '541?,  Fl  a  |.rn*  H  >4  f’ArJjf^ 
>t’ai  jn  "he  ,\«hf  *  Ij}.  la,  7  \|..at44U3  ,  Xra  ''O.i’r  I  ha.  0.4  r  I*!-:  Ir*.  ».ilrr:|’  «eli  ihr 

MSirlOfli*  *4  *  sOslilf*  0 15:  ■.  .ar  air  0.O**"O  W  I'.  -Ai--  »  .  Of  /*  e  _  , 

oHS.*.  II.  ;  \,  |.  lo..  I,  jh*,;.  Jt,  ^  I  I  JJ  ho^O  •  ..'X"  rer.  II),  1^*0  1  J 

4}it!  /ha  Of,  i\X.  /h.? 

Form  Alloys.  CIlO-  *4  ihr  lon.l  ilO|ii.ii.iOl  lo-ra  *  <1  liftllinilll  JlitIJf  Oil-.  ,||  llii’ 

pff  arfif  litlic’  iH  Inf  tii**  imii  t»f  Iwm  wlii«}i  oir  ii'mI  io  iIio  liioil 

|tUf ifii  ato »fi  «»l  sirrl  and  iron. 

I *f *w  fi 4  flir  |5f shIiH  I hifl  5*1  trfO  lOaniuils  l-rrj;  -.tigi'r-.O  4  at'.*!  Il'iril  i.fi  4  ’  taall 

air  ;  irlrfrnira  Im  llinr  Will  !«•  f*4ifi4  tii  thr  I•lt4l•‘|;ta|4l|‘  i]i\t  ti  at  |l?r  m  .iirlira* -s?  “I  llir  aflp  h  |4 
It,  S!M|}|4ilt4i,  #|iiM!rii 

fdir  llir  imliioti wl  |i|tidiH  ti« *11  ««l  f«  io»  iiLiiiitiiii  ja  nc'-ral  |Jo*M'/,ra  aii* 

ill  U’A  ,  ftiii’  III  lilhrt  tif  flit'ar  r|||| i|i lyril  a<  c'* ‘rdtii’,*  tn  ihr  luilito  tif  fhr 

al!<4  i|f*airfii,  fotf  llir  |«it»i|iii  ii«iii  i4  .i!I»a4  in  ihr  |»if'%toa«'  *4  o» 

Ijtif  <ih|<a  fittuahho  ilic’  |»|iirr.%\  of  Riia-a  rail  hr  rlO|*lM\rd  (m  *  I  I’ati  llfr, 
i»tjio46c>  7,  tSi|K;  fi4K,44i|,.  uitm  i  ttixt  :  U104  ;  looi;  ; 

iHCiO;  K77,5iH,  hiciK  ;  08/1,501;,  o»iX|-.*4» 

0004,8057,  41,  1*0.10,51/7,  K?  O*  ^0505  hofi,  1,0/-;,  III  I, 

00/ 1.470,  1.0/”. 4/O,  l*y/odhl7v  i,o4«S44/.  t  ,o;pi.r»7^  / 1. 

lo  fill'.  1*0  a  I  dir  !illf-|v  |»u!lr|  1  f.'i|  lllaiofrlt  .i|  .  to  *11  ?  Ilf  ia  iHOtf  d  ttlds  »  li.io  **.li 
IHhI  lif  .t!f  d  to  .III  t  Ifi  If  0  4l<  Itifliaortsl  llir  SlrllO  lia  !\|tr  ft*  a  ft  flip*  I  ,il  Uf  r  f4  OmI 

Irrr  lliaii  1,0/7  R-  (4,500  !•'  1.  ‘I  hia  \irhh*  all  all*H  1  Mijiayiiii.i'  14  iH  |w  1  «  mO, 

liliitiliiiii,  4  H  |it  r  « f  III.  I  4fh*4i.  aiol  thr  haLiir  r  non. 

111?'  f  inni!  !V|»»  of  pf'f  tf’raa  Ih  rfllploVrd  It  40  al!o\  tfrr  !i»t|i|  ra|ia»ll  la  d?  '.1!??!, 
llir  irdii*  !iofi  hi-iiip  |H-fff»fiiird  In  xntif'  ’.-iili -laii*  r  oilit  i  fitaii  « ,0 hoijj  aoil  foi  lira 

|»l|||fo*a  alllilOllilllll  ia  ffri|Uii|||\  tlafil 

A  piiaiilily  of  oia|<  aluiidiiiuiii  ia  iii»  Ifrd  in  an  rlri  nit'  ftifii.r  r,  mo.  \%hali 
i*i  *  ii.4f|4»“d  llir  frs|||iai|r  |||,'il  l!  l!  V  o|  lap  |0»II  « *!  lifril  yfatlr  Ifoil  o|r.  fhi  la!!»  ! 
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being  employed  if  an  alloy  quite  free  from  carbon  is  required.  In  either  case  a 
layer  of  molten  iron  forms  at  the  bottom  of  the  bath,  and  on  this  the  aluminium 
floats.  Upon  this  layer  is  charged  rich  titaniferous  iron  ore,  which  is  immediately 
reduced  to  the  metallic  state,  and  combines  with  the  iron  already  in  the  bath.  So 
much  energy  is  evolved  during  this  reaction  that  little  current  has  to  be  supplied 
in  order  to  maintain  the  bath  at  reaction  temperature.  The  process  is  capable  of 
yielding  alloys  containing  up  to  75  per  cent,  of  titanium,  with  only  0.12-0.80 
per  cent,  of  carbon.  A  full  description  of  the  process  is  given  in  Electrochemicai. 
Industry  (New  York),  1903,  I,  527. 

According  to  a  recent  patent  of  A.  J.  Rossi  (U.S.  Patent,  1,039,672,  1912), 
carbide  of  titanium  is  quite  as  efficient  as  a  steel  purifier  if  intimate  mixture  with 
the  molten  metal  is  effected. 

It  is  claimed  that  the  alloy  is  cheaper  to  produce  than  ordinary  ferro-titanium.  The  composition 
of  such  an  alloy  is  shown  in  column  5  of  the  following  table  : — 


Table  XII. 


Formula. 

Ferro-Titanium. 

I. 

2. 

3* 

4. 

5-  i 

6. 

Titanium  -  -  -  - 

Carbon  -  .  -  - 

Phosphorus 

Sulphur  -  -  -  - 

Aluminium 

Silicon  -  .  -  . 

I  Per  Cent. 

Ti  i  10.28 

C  1  0.2S 

P  i  0.09 

S  '  o.oi 

A1  ’  ... 

Si  ,  ... 

1 

Per  Cent. 

25-17 

0-59 

0.06 

O.OI 

Per  Cent. 

35-64 

0.75 

0  06 

Per  Cent. 

17-79 

7.46 

0.05 

0.08 

0.80 

1. 41 

Per  Cent. 
22.21 
0.80 
trace 
trace 
7.27 
0.92 

Per  Cent 

23  to  25 
Nil 
0.05 

O.OI 

5-0 

I.O 

1,2,  3.  A.  J.  Rossi,  Mineral  Industry^  1900,  9,  720. 

4.  Product  of  Titanium  Alloy  Manufacturing  Co.,  made  under  U.S.  Patent,  1,039,672,  1912. 

5.  Product  of  Titanium  Alloy  Manufacturing  Co.,  made  under  U.S.  Patent,  648,439,  1900. 

6.  Made  by  Goldschmidt  process. 

Another  form  in  which  titanium  is  employed  to  a  limited  extent  in  the  steel 
industry  is  that  of  titanium  “Thermit.”  This  consists  of  an  intimate  mixture  of 
titanic  oxide  and  metallic  aluminium,  which,  when  added  to  the  molten  steel, 
reacts  to  give  metallic  titanium. 

Ferro-titanium  has  been  largely  used  in  the  United  States,  particularly  during 
the  last  few  years,  in  the  final  treatment  of  steel.  Its  efficiency  as  a  purifying 
agent  is  stated  to  be  due  largely  to  the  great  affinity  which  titanium  has  for  nitrogen 
and  oxygen  at  temperatures  above  800°  C.  Nitrogen  in  steel,  according  to  the 
observations  of  various  workers,  tends  to  cause  brittleness  and  segregation  of 
sulphur  and  phosphorus  in  the  finished  product.  The  titanium  is  not  added  to 
the  steel  in  order  to  give  the  latter  new  properties,  as  are  many  other  metals,  such 
as  tungsten,  molybdenum,  nickel,  tantalum,  chromium,  etc.,  but  only  as  a  cleanser, 
and  in  the  finished  steel  practically  no  titanium  remains.  The  alloy  which  finds 
most  frequent  use  for  this  purpose  is  one  containing  from  15-18  per  cent,  of 
titanium ;  alloys  containing  much  larger,  percentages  of  titanium  are  difficult  to  use 
owing  to  their'high  melting  point.  The  amount  of  the  alloy  to  be  added  to  each 
ton  of  steel  as  it  runs  into  the  ladle  after  recarburisation  varies  largely  with  the 
nature  of  the  final  product.  When  treating  low  carbon  steels,  such  as  those  used 
for  wire  or  plate,  from  2-4  lbs.  of  ferro-carbon  titanium  is  used  per  ton  of  steel, 
whilst  for  rail  steel  about  15  or  20  lbs.  is  used.  From  4-8  lbs.  of  the  alloy  is 
added  to  each  ton  of  steel  castings,  whilst  8-10  lbs.  is  used  for  axle  steels. 

This  treatment  has  been  applied  with  considerable  advantage  to  Bessemer, 
open  hearth,  crucible,  and  even  electric  steel.  It  has  also  been  applied  with 
equally  satisfactory  results  to  cast  iron. 

The  gradually  widening  use  of  these  alloys  in  steel  manufacture  is  demonstrated 
by  the  fact  that  in  1912,  in  the  United  States  of  America  alone,  over  550,000  tons 
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titanium  trealrtl  siwl  wa*.  piiHiiuTt!*  wiicmas  tim  (|uantit\  sc^  tuMtta!  in  u^io  and 
lull  was  anti  .|io,tiOo  tuns  rt'sprrtivrly.  I'hcsu  tpiantitics  au*  fxt'lusivc* 

of  <  a\t  irun  st>  toMlni. 

Aitic'lrs  tlisdini;  with  thr  prupritius  aiu!  advantaj^fs  liaimnd  fur  titanium 
trouttal  sinrl  will  hr  tuiuul  in  artirlrs  by  R.  Mt>ldc*nkc*,  //>r//.v.  /v/^z/fZ/T/zavih 

U|oK,  17,  57  ;  \V.  \'rnatiu,  A7fi/i/  ////</  £nYh\  luio,  30,  (^$0  :  /mrn.  fmhis/. 
tSKii  (Virm.,  it|io,  2, 

Alluys  ut  titanium  with  llic  nun  fern  his  nulals  iiave  been  cmpluyrd  in  snudi 
quantity  in  tin*  past. 

An  ulluy  uf_cop|>er  and  titanium  umminitiu  5  12  pn  wnu  <*!'  ihe  buri  eonsiiiurnt  h;v. 
hrrii  n  ml  intpuamg  i'Mpprr  i-.unnio-..  atltliiim  “f  t-2  prr  wni.  t*t  this  ulluy  |(»  ihr 

lutillrn  i'oppri  i'^  ‘..utl  im  Pc  uf  guvit  afivaniaiaa  a**  tin*  nir-uil  r.ni  llsru  hr  ra**!  in  ’auid  witlnnif 
diftifiiliy.  'riif  allry  rhniinair^  ttvidr^  an«l  a!»»t»ihr(!  ipi  .r**,  and  i^vrs  thr  raainu  a  i'Ur»r 
driur  ^inmtnr  lirr  futm  hluwliulr-,.  I'hr  iniUsrniS"  ut  uianiniu  un  ibypn  an»l  il%  alluv  .  v. 
dj^rti*»,r«l  hy  I',  n.  nrirad  /V,,  ini.p  II,  it>  and  am.  ‘fhr  addtfu»n  iH'  titanium  to 

aUimiaium  n»  ihr  r\!riH  *4  ah  *tH  *  |iri  ivtif.  t .  ‘.aid  fu  ipraih  nirira  4*  fhr  nMi'diur . .  and  rr  aUriu  y 
uf  llir  lurlah  hlH  thr  piudmi  i>.  laird  lu  hr  u|  ‘.uiarwlra*  duiihUu!  dnsahdlf). 

Siiico  titanium  pirpaird  f^n  nr'  ui  ihr  .fr’f'l  inilu.fn,  wlifUi  ii  u  draiahlr  u.  add  'dlirun  a. 

writ  ,1*4  nMJiiiim,  hy  .inrlimi^  a  tiitxlmr  *4  inlilr,  i*aslH*n,  and  mUti  'and  m  an  rlrrftir  .nr 
fiitiiai  r  .V  •  .  /«♦/.,  in fu,  29,  o  p*  ;  iurnrii  i'af^'nl,  41)7,^ i  jOs  <  h  t* tlTt  loutu. 

AUmv  .  «  an  h''  jii.idr  in  tin.  way  1  uniamjisi*  ju  7  5  pri  rnii.  ui  alirun  and  5  70  pf'*  rrnf.  mat 

{  jfT  ,th»>  I’lniril  i!r  .  I'.Hrlif,  I ,«  H  O, Stl  i. 

Metallic  titanium,  tulirr  tlimi  in  lliu  fumi  uf  its  triiu  allui'.,  !ui%,  s.i  t.in  burn 
pm  lu  Inn  frw  nsrx.  llu*  iiiriah  whtrh  tins  n  sprrifir  yn.tvity  ut  abuiii  4.K  and 
a  silvri  whin*  rtilmin  h  hard  and  lifillli*  wlion  t*u!d,  Inn  <'aii  In*  iradily  turgnl  wlirn 
irti  tiuh  Its  obsrivrd  iiiidtinyt  puiii!  \arifs  with  iliffririil  rspnitiirntfis,  bill  i% 
pruhably  bi’twism  n7ti5  mid  i'.  \\*hrn  Instlrd  tu  in  uwioii  tl 

rr.ulily  biniis  tu  ihi'  ‘FiO.,  a*,  it  alstMluus  in  nilru|Hii  at  Kor»  ( yirldiiiit  iti 

thr  laflrt  t  .oa*  srvrral  iiilnilc-,  Iia\ing  llu*  funuitl.r  ‘i‘i  ,Nh  biNh  Id  ,X  rt«  . 

Tliu  |if».nrf!\  ha'i  hrrn  aii'^rUrd  ai  .1  nr- .111.  m|  fixation  of  atmonphrrir  nitrog'di,  -r.  ih,- 

ll.lfidr.  ,ur  .'a’rd  I  »  1.  ?rld  aiiHii  aiu  ••fi  ffr  wi*!i  Jratit  Ml  a  ululuriah  !‘a'ru», 

|f|uS;  Kiifjrili  l‘a!rn!,  I,H4«»  I  mfrd  srilr  .  Pairn?  »i>^7  0. 

‘1‘ihiniiiiii  I1.4  *  a!ai  brni  siiggi'sir*!  a-'*,  a  ruifdiiiimt  tm  liuiimmin  mria! 

j^rophoric  alloys.  A  stimiblr  art'urcimi;  lu  hnmtli  ihiiimi*  qitniXH, 

niiu,  r'lHiLiiiis  iivn  to  iinr  otiil,  ui  liuili  iiiaiiyianosr  and  amiiiiiiiiv»  rtinHniiiiii  iiui 
r\<  t‘rdiii|*  20  pfH  *  riii.„  and  itfaiiitttn  imi  «‘\ri*rtltn|4  iqq  pin  rrni, 

III  ihc  ic?.xiilr  iiitiiisiry  titanous  chloride,  ’ric!l,p  and  titanous  sulphate, 

I'iqSlldip  ar«’  ghidiialiy  fiiiiliiig  aii  tAltaisivc  use  mving  lu  ihoir  gnsil  puwrr  as  arid 
rrtliiiHiig  iigriibi. 

Titaaoui  cWoridt  rati  hr  |ifr|i4rrtl  hy  wtrimix  pf«n*r'r«' t*  witnil  lli.iV  hr  niriihufird 

flt4t  »*f  lb  Sfw'fii  r  iliriirii  |*4friii,  |24*SJ4,  wlmii  rMirn'iix  lit  clrr;i!»!vnr.iily  triliiMfig 

4  iiyilfuiiilufn'  4»  id  •'iuliiiiuii  i«f  ir4iiuiiii  liydi^tir  in  flir  isiilirdr  i.,Miitp,iit!nriii  uf  4  ilniilrtl  rrll. 
l*hr  rtli|»l*Hrs|  t’lin’-ii'il  *  uf  iSiilnift  phitr ,  nt  ilthifr  hydiui  hlunr  41  id  tllnl  liir*  r^lhudr  uf 

Ir^d  philr-i. 

Ill  tlir  dyoiiig  uf  ruiluii  guuds  wiili  dins't  I'uluiirs  ii  suimdiiiirs  Iiappriis  that 
|ui»  drrp  a  slmd**  is  tiliiaiiird»  nr  llir  rulutif  is  yiiuvrii,  and  il  llini  lirrumrs 

liriTssaiy  lu  (**stitp*b  if  and  rf^hr  ilir  Hiix  “  sfrifiping "  v;in 

he  peftMiii!f'd»  til  a  lew  iniintlrs,  liy  iiiiiiirtsing  the  tabur  in  a  *»u!iinun  uunlaining 
an  aiiiuun!  uf  niaiuitis  siilphafr  varying  fium  i  5  pn  rrnb  nt  the  weiglil  uf 

ritalrfial  lu  Ih’  irraled. 

CVfiaifi  4)r‘4,  h  4*  piiiiitiliiir  yclifm*  ihiull.tvnir  tnitin*!  hr  'iliipprd  |»y  ihi-i  mr4iu,  wtiiivi 
!he  MU*m  Vi  f4!||r|  •^ihm  in  Itir  tM*r  uf  |44fa?lllf4l«liltr  trti  4ild  fta|lhlliyl.«tlllir  t-'htfrl 

Tiliitertlx  t  lilunsir  Aiid  xwlph^ir,  wind}  «4frn  fumr  »*fi  tu  ilir  fti.wkrl  in  llir  lurm  ui  JO  pf  rrnf 
%'4iili»4u,  arr  alwi  ii-iril  iuf  i.'|r'4f«i|*  flip  wltiir-i  id  t'ulf»iHrf|  wlirn  flir  r«»|*itif  has  a  irriflrtiry  im 

**  hkrtr*  tlw  wliiif.  TItry  fittti  4  liriiihtr  w-ir  m  luifidiv  wnfk  l«f  dranrii*  aiitrlr-,  ilwl  hiOr 

»•  flirt  “  W4*dMf2.|n  iiiitl  af«*  alsii  cffi|il»»yr4  Im  imiis^^r  iiuii  iiiuiilil  hUum, 

Potassium  titanium  oxalate  i-s  now  usfii  iur  the  mdnhsntiMK  and 
c,r  IcailjiT.  I'itumim  %alSH  unite  witfi  tl,.-  tattnin  lu.iiin  at  leather  to  give  a  yi  llow 
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to  brown  titanium  tannate,  which  is  fast  to  light  and  soap  (sec  J.  Hurst,  Journ, 
Soc,  Dyers^  1903?  IQ,  105). 

Basic  sodium-titanium  sulphate  has  been  patentt‘d  by  M.  i\  Lamb  for  use 
in  tanning  (French  Patent,  327,945,  of  1902). 

Titanium  lactates  have  recently  been  employed  as  mordants  and  “strikers  ” 
in  the  leather  industry  under  tlie  name  ol  “  Corichrome.’^ 

A  recent  account  of  the  uses  to  which  the  compounds  have  hecn  put  is  i^iven  in  Lyiikrr  7'raae\'* 
J^eview,  1913,  46,  183  and  266.  The  use  and  manufacture  of  these  compounds  is  covercti  l»y 
English  Patents,  22,629,  1901  ;  23,188,  1901;  I4>92i»  19^2  ;  27,5()7,  loui;  (k-rman  Patmts,  i26,5t)K, 
1900;  136,009,  149,577;  French  Patent,  327,528,  1902.  The  solutions  are  prepaicd,  atssuiling  U» 
English  i^itent,  22,629,  1901,  by  acting  on  freshly  precipitated  titanium  hydroxide  witli  lactic  acul 
and  an  alkali,  or  if  an  excess  of  lactic  acid  is  undesirable,  the  solution  of  titanium  hydroxide  in 
hydrochloric,  sulphuric,  or  oxalic  acid  is  acted  upon  by  a  lactate  of  a  base  which  does  ni>f  fonn  an 
insoluble  salt  with  the  acid  in  which  the  titanium  hydrt>xide  is  dissolved. 

Various  titanium  salts  have  been  employed  as  mordants  for  anitnal  fibre  (wend, 
etc.).  Amongst  these  may  be  mentioned  a  solution  of  titanium  tetrachloride 
(TiCl^)  and  cream  of  tartar. 

A  discussion  of  the  advantages  of  titanium  salts  as  mordants  and  their  preparatit»n  will  Itc 
found  in  papers  by  J.  Barnes, /c/zr/n  Soe.  Chem,  /w/.,  1896,  15,  420;  iKcjg,  18,  IS*  I'heir  use  loi 
fixing  colours  on  vegetable  fibre  is  described  in  English  !*atent,  8,589,  1898. 

General  articles  dealing  with  tlu‘  use  of  titanium  salts  in  dyeing  will  be  ftnmd  d  Krhan, 
C/icw.  y.i'it.y  1906,  30,  145;  C.  Dreher,  'fextiic  Coioiirisf,  25,  4. 

Pigments.— Titanium  (Compounds  have  been  employed  for  tins  purpost*  ttJ  a 
limited  extent.  A  method  of  producing  pigments  from  litanifertnis  iron  ore  has 
been  patented  (French  Patent,  412,563,  i2tli  Kehruary  hmc).  'The  pnx'ess  c'onsi'ds 
in  roasting  titaniferous  iron  ore  so  as  to  obtain  a  uniform  prodmn  free  fnnn  ciiie 
cretions,  and  then  (pushing  in  wattT.  'The  cohmr  of  the  pigment  can  1h‘  made 
to  vary  from  yellow  to  red  according  to  the  conditions  of  roasting. 

The  light  yellow  pigments,  stated  to  he  suitabit;  for  use  in  rust-preventing 
paints,  can  be  made  by  heating  titaniferous  iron  ore  with  sulphuric  tu-id  and 
subsequently  heating  the  mass  to  a  temperature  suffieient  to  decaimpose  tlu* 
sulphates  (English  I^atent,  10,368,  19x1)- 

Fintdy  ground  rulile  is  sometime.s  employed  in  the  ceramic  industry  to  give  a  soft  yellow 
underglaze  colour  to  porcelain  ware.  Titanic  oxide  is  also  tuuployetl  for  tinting  artificial  trrih. 
Recently,  the  addition  of  titanic  oxide  in  (juantity  varying  fr«)m  o.  1-2.0  pc*r  cent,  has  bem  hmml 
to  improve  fused  quartz,  ware,  which  is  sold  under  the  name  nf  “  T.  siloxyi'd.’’ 

Illuminants.— Titanium  carbide  produced  in  tbeek-eirie  furmuv  is  employrd 
to  a  small  extent,  in  the  United  States,  for  the  manufacture  of  eleeirudc-s  for  an* 
lamp  lighting.  'Fhese  are  produced  by  mixing  the  Ittudy  gtound  4*ar!jidc  with  d 
suitable  binder,  and  shaping  the  paste  by  hydraulit'  pressure.  'Fhc*  ojtls  su  pro 
duced,  after  drying  in  a  gas  own,  are  heated  in  a  (‘arbon  tula-  fdeeirit*  funiaer.  'rho 
electrodes  are  next  partly  coated  with  copper  to  prevent  oxidatitm  « luring  burning. 
The  use  of  titanium  (Xirbidc  as  ehnlrodes  has  not  Inund  very  exU-nsive  applieation, 
probably  because  the  light  is  of  a  somewhat  yellow  (*harac*tor,  and  the  {^pertiiiiig 
costs  arc  rather  high  (sec  also  Henna, n  Patent,  231,231,  xqiob  Amaher  form  of 
flame  arc  electrode  consists  chiefly  of  carlmn,  togtaher  witli  titanaie,  an 

organic  salt  of  titanium  and  a  titanium  halogtm  eompound  or  alkali  litano  fliioritie 
(U.S.  Patent,  1, 1x2,458,  1914).  Sec  also  Herium  'Fitanolhioride,  p.  31K. 

According  to  Paiglish  Patent,  18,220,  of  1912,  a  luminous  ar<'  el<Ttr<Hie  tsiii  lie 
made  from  a  mixture  consisting  of  96  per  (a*nt.  of  titanium  earbitha  3  per  cent,  of 
copper  oxide,  and  i  per  cent,  of  lithium  fluoride,  llw  latlca’  substanfa*  ix  staled 
to  .steady  the  flame  without  imparting  utiy  undesirable  c-ohnir.  Hianii  oxide, 
together  with  calcium  cyanamide,  cryolite,  and  carbon,  is  a  mixture  suggi-sietl  for 
electrodes  in  English  Patent,  11,792,  of  1912  (set*  also  Knglisli  Paitmts,  2,027 
18,965,  1909;  17,278,  1910;  710,  17,723,  ;  (kSoo.  1912). 

Titanium  carbide  was  used  for  the  productiem  of  incamirseeiu  edrenie  Lim|i  lilafiirnls  fia 
.short  time,  but  is  now  di.sphiced  by  the  mere  eccnmaical  mefallic  fihniirfitx.  UinUtloni  ami  liingxirri 
i/,v.  Its  initial  efficiency  was  about  2.5  watts  per  candle  power  {English  Palm!,  14,852, 
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rhr  *  *  ate  lainp  !i,4.  it  .  |»‘<.i!ivc  elcctriHle  rompt^setl  i»f  .1  mixtuie  <»(  and 

4'!iiuuu!t-,  e'lp’ihtn  ttiilt  i '•{  |iri  i'rui.  »*!  Ultile,  (‘r  ;ui  t*<|uivalcnt  aiiunmt  ilmcnitc.  I'his  lamp 
e.iii  l*r  Mpfiat^d  uiily  *‘7  a  dur,  I  i’mifiil  »ucui|^  as  tlic  m5»,p;iH‘titc  urn'll  at't  as  tlu*  positive  clcrlmdc 
lamp.  \4,|mhh.i.  t'ar.al  ui  *'ri riets  in  tlm  Unitr<l  States,  and  is  nmv  lH‘in|jj  used  in 

ihi*  eoiniiiv.  r.  .ud  t>*  a  v  t\  niiiii  isit  tii  4 1  ihnt ion  t»!  light  in  the  hoii/ontal  plan-*.  Fot  this  use 
the  inmri.ih.  uiu  f  h-  \riv  tiiirh  ep.niiid,  and  !#t  attain  this  end  tltey  aie  first  crushed  hetween  rolls, 
ami  llir  hnal  piiudinp  .s  a-ne  ai  a  h.iU  jiinl. 

Analysis  of  Titanium  Minerals  and  Salts 

If  is  11' d  in  clio  ,i\ailublc  to  give  an  tulequatt'  ;i(‘eoiint  of  lhi‘ 

iiirllioils  »»!  4!I4!\  i hii!  i!ir  followiiip  brief  inulitiie  may  prove  td*  siTvit'c. 

Tltr  iij,  !?'  .4  ra.iiuatasi*  “hr  i|a4nfev  of  fjtunium  in  a  mifU'tal  vaiit’s  Iaip,ely  witli  the  amount 
and  ti.r  saeufr  <4  fhc  .ah'-!  »  .a-.ir.nriii  .  I  it-^rnt.  'rtuss,  the  presence  (*t  tantalum,  niohiun>» 
maiiium,  van-iditnn,  -i  oi; ’•nruin  irudei  fie-  ipavimetiic  raimatiotr  of  titanium  a  nuittt‘r  of 
isaj  adri.tidr  thifj  nl‘\.  \  inr'.h)..|  ’mi  thr  ('uinuaiou  of  titanium  in  tin*  prebence  of  the 

t$i  .i  5iv*»  rleinetes  lni  .  hrrn  th'-a  jj  -r  !  I  \  U,r  .uit  hoi  in  ihr  ,  Oif*!,  16,  224. 

Ill  fhr  a’o  .rn>.'s  *4  \  iiiaih..'nii  .tss!  laep-  »|iiafi!iftrs  «4  iom,  titanium  fan  he  estimated  col(tri> 
mrliiisilh.  1%  ihi‘  I  fllottinp  pi>  sr  .  t ».  j;  i,u  g,  <4  ihf  tmelv  ppound  mineial  is  fused, 

.a  a  i«a%  "rniprf.jiijir,  f»»s  at*-  sj!  had  10  with  irn  timrs  its  uripjjl  of  put.osium  hisulphate. 

\tfri  t‘riiip  tti'd  hif*  nndf  i,  ♦  fitslird  and  r\{r.u'tr«l  \i.nh  ahout  «hki  e.e.  of  cultl  5  per 

,  riif  aspl,  ?  »  ttlmh  ho.  4  hirst  j|i3  e.e.  »if  to  v*diimr”  sfiengllt  hvdr<‘|p*n  prioside. 

Wi.rjj  i|}f'  roitifn-ii  Is  s.si«o|r!r,  il,r  -.sdap.Mii  f.  fit  Set  r<f ,  t  lu' f}  It  f  .if  c  made  up  to  ?;tHi  i\r,,andthe 
iiiaiinisii  m  ii  .iiifia!«*d  hi,  thr  A  Wrdri  ^Mlnrimetiic  mcth  »d  tS.Si,  15,  -AShdh  d’his 

» luji-r.!-*  in  unit Atioi*  llir  fMlMiif  $4  inr  nipitira  that  protiuerd  when  hydroipni  peroxide  is 

,i4t|rd  tu  a  .laiifl.tid  'rsliittun  i4  a  iihifmini  !»alh  Hie  .usatiacy  ot  the  rstnnaiion  is  seriously 
atirs  fril  hv  lltr  pirsrnrr  of  fhsiinilr-.,  aitd  h*  a  Ii'hh  dt'pirr  hy  p*»iassunu  sulphate  and  iron  salts.  A 
lull  o|  iltr-i  fttrflo.4  I.  pnrii  hy  W  |*h  Hillrhiatid  in  “'Fhe  Analysis  of  ihtrlionate  ami 

hili«  4lr  I',  *i  k  /»'«  4  4.*/,  /  V; j/s'./ pp  t  2S  44, 

riio  Ui'-fltod  IS  4*  I  male  |m|  iijinrial .  » onhiriitniMip  !o  i«i  pf*r  cenl.  «4  titanic  lait  if  usetl 

r  .uiji,e.isip  hit|pn  aimmnfs  e  i.  n*c  is-iiihlr,  owing  |o  ihe  dihuadtv  of  m.iichmi*  the  colours 
pfodm  r  I  fa  /r  uip  -  4iin  >n  ,  -1  f.h:r  rii  -r  oifr  >.|m*ed  hy  the  laiye  ddufion,  nreessary  d  weak 

,o|«t  4|r  r||iplM\  rd 

III  ?h*"  ah-r*!,  r  ,4  t  .?«!<  .iMid.  >  !•  ii  r.  s  I ’. ! %  t*f  fiiMliniiii,  \anadium,  or  iirannnn,  uldi'h,  in  the 
trdm  rh,  ’Jafr,  afr  'hy  f'-io  -ilf.,  iifaniiim  tan  hr  estimated  hy  tedut  ine.  it  to  the 

tifase-'ii’.  '  aidrem  *4  /ui-  jo  -net  s*  duiion,  and  ihm  tniafing  wiili  a  odutnm  of  Irrric 

.ilieii,  I  «  4fi  4f OM'.pt.rf r,  e.  .top  4ii4»n  .tynoi  lliioi  uitiate  as  indicator.  The  reaclion  proceerls 

ill  dt'i  >  elamr  »sf!i  ihr  r*|oafne} 

lijstip  I  hrc^.sib*j  .hrjfSup.  f  sFeSth- 

t  jie.  I-,  of  a%  $1  prrfniis  of  lift-  rapid  and  acctiriilr  rstimaiion  of  litiuiimn  in  the 

|iir>irii;,  r  *i|  isoii  CKriifeminhu  lltr  irdhi  rs|  n-4tiiioti  ran  a!  .o  he  titrated  with  a  standard  HolutifUi 
#4  •’itijiii  prf  I41I,  t«  this  rase,  <.illowam*e  must  hr  niarh*  for  any  iron  present, 

hi*,  a  ftill  .07 oifiii  t»f  ihr  pi*'*i:r -eirs  .ivailalde  for  the  esinnation  of  titatnum  am!  its  separatt«*n 
ffsifii  Hilirf  rletitnifs  Htr  **  | hf  Aiialisr  tin  Srifenrn  Frdrn  und  dri  Frd*»;niren,  *  H.  j,  Meym 
4fiii  iJ  llaiisri  iMiiiiipiii,  iif  analysis  id  fnro  tifanmm  are  ipven  in  “  I'drc 

lliriimal  \«.ilysis  of  S|tri  iat 'hirrho"  h>  r,  fohnson  | lamdoii,  irjHtttp. 

Arkni>wl€dfmeols  Tiir  anittoi  is  mtlrl.trd  the  Titanium  Alloy  Manufacturing  Co.,  of 
,%hijpti4  lairs  F.h,  for  iijIki  malign  1  ofo  *■!  ning  the  use  ami  rnanufariure  of  feiro  litatnum  ; 
t.*  Meiirs  Pcicf  S|>c«ce  H  Sont  Ltd  ,  *4  xiamiirsln,  for  details  of  the  use  of  titanium  salts  in 
ihr  frMilr  i  aial  io  flir  lldtiih  Thoiiisou  Houston  Company  Ltd.,  of  Kuithy*  hn  inlor 

feAfnip  !♦»  ilir  **  ’*  Sfalisiit's  td  the  production  ami  value  of  rutile 

, ora. ripia'f’ -  in  ‘hr  rinfril  Sfafrs  wrfr  lifatly  stipphed  hy  the  American  Rutile  Company,  of 
ih-  *-Aijd,  Xrl..  nf  *-*5141,,  \'tf|nni4,  T  A, 
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ZIRCONIUM 


By  Sydney  J.  Johnstone,  B.Sc.  (Lond.) 
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Zirconium  belongs  to  the  same  group  in  the  periodic  system  as  thorium,  cerium, 
and  titanium,  but,  at  the  present  time,  its  commercial  utility  in  nowise  approaches 
that  of  any  of  these. 

The  oxide,  zirconia,  was  first  isolated  in  1789  by  Klaproth,  from  Ceylon  zircon,  but  the  metal 
was  not  produced  until  1824,  when  Berzelius  obtained  it  by  reducing  the  double  fluoride  of  potassium 
and  zirconium  with  metallic  potassium. 


Natural  Occurrence 

Zirconium  does  not  occur  in  the  metallic  form  in  nature,  but  the  ortho-silicate, 
zircon,  is  of  fairly  common  occurrence  in  certain  localities,  and  large  deposits  of 
the  oxide,  baddeleyite,  have  been  located  in  Brazil. 

Zircon  is  a  silicate  of  zirconium,  and,  when  pure,  contains  66.2  per  cent,  of 
zirconia  (ZrOg)  and  33.8  per  cent,  of  silica;  impure  forms  also  contain  small 
quantities  of  iron  oxide  and  combined  water.  It  is  found  as  a  brown  opaque 
mineral  having  a  conchoidal  fracture  and  an  adamantine  lustre.  Zircon  is  some¬ 
times  found  in  clear  forms  which  may  be  colourless,  yellow,  or  red,  and  these  are 
used  as  gemstones  under  the  name  of  hyacinth  (see  p.  334;.  The  specific  gravity  of 
ordinary  zircon  is  about  4.7. 

Baddeleyite  was  formerly  a  mineral  of  somewhat  rare  occurrence,  but,  during 
the  last  few  years,  fairly  large  quantities  have  been  found  in  the  gravels  of  the  Sierra 
de  Caldas  of  Minas  Geraes.  According  to  E.  Wedekind,  the  mineral  is  available 
in  three  forms — (i)  black  glassy  pieces;  (2)  broken  stony  fragments;  (3)  pebbles. 
Analyses  of  these  three  varieties  are  given  in  Table  XIII.  The  commercial 
product  is  a  mixture  of  all  three  forms,  and  has  the  composition  shown  in  column 
6.  By  crushing  and  sieving,  the  glassy  variety  can  be  freed  from  much  of  its 
iron  oxide,  which  occurs  in  cavities  in  the  mineral. 
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The  percentage  composition  of  the  more  important  zirconium  minerals  is  given 
in  the  following  table  : — 

Table  XIII. 


Zircon. 

Baddeleyite. 

1. 

Ce3don. 

2. 

Norway. 

3- 

Brazil. 

Gla.ssy 

Variety. 

4. 

Brazil. 

Stony 

Variety. 

5- 

Brazil. 

Pebble.s. 

6. 

Brazil. 

Commercial 

Variety. 

7. 

Ceylon. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Zirconia,  ZrOo  - 

66.35 

64.05 

94.12 

88.40 

74.48 

68.93 

98.90 

Ferric  oxide,  Fe^O^  - 

0.83 

2.8s 

3.22 

4.07 

10,26 

3-59 

0.82 

Titanic  oxide,  TiOo  - 

0.98 

3.12 

1-35 

0.60 

0.06 

Lime,  CaO 

14.08 

26.30 

Silica,  SiOo 

32.35 

32.53 

2.41 

5-89 

0. 19 

Water,  HoO  - 

0.23 

0.80 

0.28 

1.  “Rep.  Mineral  Survey  Ceylon,”  Col.  Rep.  Misc.  Series,  Ccl.  No.  3,762,  p.  60. 

2.  E.  S.  Dana,  “Descriptive  Mineralogy”  (London,  1906),  p.  485. 

3  Lo  6.  E.  Wedekind,  Bar.^  1910,  43,  290. 

7.  G.  S.  Blake,  Mhi.  Mag.,  1907,  14,  383. 

Preparation  of  the  Mineral  before  Use. — The  commercial  variety  of 
baddeleyite,  having  the  composition  shown  above,  usually  contains  too  much  iron 
and  silica  to  be  used  without  previous  treatment  The  method  of  purification 

suggested  by  E.  Wedekind  consists  in  boiling  the  pulverised  mineral  in  strong 

hydrochloric  or  sulphuric  acid,  which  removes  most  of  the  iron  and  titanic  oxides. 
When  necessary,  the  silica  is  removed  by  treating  the  mineral  with  hydrofluoric 
and  sulphuric  acids,  followed  by  ignition.  This  treatment  is  usually  sufficient  for 
most  technical  purposes. 

If  the  pure  oxide  of  zirconium  is  required,  the  method  of  L.  Weiss,  which  is 
often  technically  employed,  can  be  used.  This  process,  which  is  suitable 
for  treating  either  zircon  or  baddeleyite,  is  as  follows :  50  kg.  of  baddeleyite 
or  70  kg.  of  zircon  is  intimately  mixed  with  150  kg.  of  sodium  carbonate  and 

250  kg.  of  borax.  The  whole  mixture  is  placed  in  a  special  cast-iron  vessel,  and 

heated  in  a  reverberatory  furnace.  The  melt  is  stirred  frequently  until  decomposi¬ 
tion  is  complete,  and,  after  cooling,  is  finely  ground  and  lixiviated  with  water.  The 
insoluble  matter,  which  contains  the  iron,  titanium,  and  some  sodium  zirconate,  is 
removed  by  filtration,  and  is  reserved  for  further  treatment.  The  solution,  which 
has  a  specific  gravity  of  about  1.16,  is  concentrated  by  the  aid  of  steam  in  an  iron 
boiler,  until  it  has  a  specific  gravity  of  1.32-1.36,  when  it  is  allowed  to  cool  and 
crystallise,  with  occasional  agitation.  The  crystals  obtained  are  sufficiently  pure  to 
be  used  without  further  treatment.  The  mother  liquor  is  used  for  lixiviating  further 
fusions,  and  the  silica  which  accumulates  is  removed  from  time  to  time  by  passing 
carbon  dioxide  into  the  solution. 

Another  method,  devised  by  R.  Bayer  {Zeits.  angew.  Chem.,  1910,  23,  485),  consists  in 
heating  one  part  of  the  ground  mineral  with  2.5  parts  of  barium  carbonate  in  a  graphite  crucible, 
which  is  placed  in  a  wind  furnace  and  the  temperature  maintained  at  about  1,400®  C.  for  two  hours. 
After  cooling,  the  melt,  which  contains  barium  zirconate,  is  extracted  with  hydrochloric  acid  and 
the  solution  evaporated  to  dryness  to  precipitate  silica.  The  residue  is  taken  up  in  acid  and  let 
crystallise  until  first  barium  chloride,  and  later  zirconium  oxychloride,  separate  out.  This  latter 
substance  is  dissolved  in  water  and  the  zirconium  precipitated  by  ammonia. 


Industrial  Utilisation  of  Zirconium  and  its  Salts 

Up  to  within  a  few  years  ago,  little  use  was  found  for  zirconium  compounds. 
One  reason  against  the  development  of  their  industrial  employment  was  that  the 
only  commercial  source  of  fairly  pure  zirconia  was  the  mineral  zircon,  and  the 
high  cost  of  preparing  the  oxide  from  this  material  rendered  its  use  impossible. 
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I'iir  ah's\iii\  uit’uti* iuril  dbu-o\ru  hI  lui;r  ( [uaiuitifs  of  /irconiuin  o\itU‘  in  Hr.i/.il 
j^avr  ;m  ini|HiUN  li»  tlir  fiirihn  iiu «*sli|;aUnn  of  iho  rrfradory  pn>|uilit's  of  tiu^ 
material,  an«l  thr  i:ri*a!e!  |nM|ti»!!iM!\  of  ilu*  /irtnmia  now  ulili.sed  is  ohlaiiuai  from 
this  stuirer. 

Refractory  Materials,  hme  Iti.rd  /iieunla  (/a(  has  a  ver)  low  (“oehkaent 
of  expansion  Uinear  .Lii)ooouH  |  s,  anti  i--.  theietdn*,  <»f  servita*  for  the  produetinn  of 
vessels  ttf  a  rehaenm  iiaUin'  wha  h  an*  to  !ir  snhioeted  to  lari;e  or  sudden  ehangtss 
tif  teiiiperatuie.  Xk-.a-ls  iiiatl*'  r»l  thi^  ’.uleUanee  ean  he  plungtai  wliilst  whitt^  Imt 
inlt)  <  oltl  wale!  wilhMiii  usk  of  lia*  Hue.  ()\\ini'  Ui  tlu’  hii;h  nu'iting  point  of 
/iretmia,  eon*4driah!e  diitii  ii!!\  i%  exp^aieiu'rd  in  inakini*  it  inti>  vessels,  and  most 
t»f  th«‘  piilkislied  pioie  .Mo  iii<  hide  lln'  tisr  ul  some  hindiiis^  agent,  ofuai  an  alkali, 
to  assist  in  tiiuing  iho  iiiixtme.  ,\  pi«»i  t-.s  tlc-4-nhed  h\  L.  Weiss  (set' above)  foi 
tht^  mamilat  line  t4  ieHad*»i\  i  nieihlr .  *  ♦♦lea  as  m  tlte  Uss*  ut  a  mixture  «)f  tjo  parts 
of  /insiiiia,  to  pails  of  maiUiesta,  n dtei  with  lo  pta  t‘ent.  « >f  phosphorit*  mad  as 
a  bindiiiit  aitent.  Ha*  ^uiie,  alin  iiini;;:-:  in  the  i'ie«  tii*  tuinaee  at  a  suilahh*  tempera 
turt\  is  slaleil  to  lie  vef\  fesistanl  and  pi.i*  iiea!!\  unallet  letl  either  liy  moluai  alkali 
tn  ptiiasMum  hiHiilphafe. 

/is eonia  wtiultl  appeal  !«»  ht*  \ei\  snila!4r  loi  ust'  as  a  Im naee  lining,  owing  tt> 
its  rrsisiaia  e  to  lie*  »oiiusi\i'  at  tion  oi  sit'rl,  i  oppei ,  letl  htass,  ete.  Kxperiments 
have  sh  »uii  dial  lla*  inaitileiiaia  e  t«»\!  of  a  Memens  Maitin  stead  tmnat'e,  lnu‘d  with 
mmle.dnoina,  uas  oiil\  one  halt  «4  ilia!  eitlatled  wlieii  lininipi  ot  tilht'r  redraetory 
sutisiam  es  wrtv  used  W'alei  lire  lai  may  he  used  as  a  himliitg  mattaial. 

plot  es-.  desi  nhrd  h\  K,  lltvei  i  ousisf.  Ill  making  an  intimate  mixtitre 

id  grlaliinnis  ;i!t  Miiuiiii  h\ilfo\id*  and  !ai\  /inonia  fpmitied,  as  previously 
iieseiihetl.  In  i  Hi  dim,,  and  fOMliii..:  with  li\di*»«  liloiie  atulg  ttigethei  with  tile 
adililitm  «d  a  .mall  piiaiilii^  of  sfai^h  paste  as  a  himhng  agent.  Alter  htdtig 
mt»iiidfs!  to  die  da  uf^-d  diapt  ,  da'  Miimhles  aie  an  diie»I  tor  se\tial  tlays,  atid 
tlieip  alfel  di\iii.:  al  i  -i  C  lie  \  aie  la  a!rd  in  ati  eh-t  iiie  ii'si%iaiit'e  tuinaee  td  tin* 
Hempei  t\pf' i»mi  feiiipefalnn  et  ^ 

Metallic  Zircoililim.  dle-ir  .ue  smefal  piaeuea!  tiiltieuUies  assocdaleti  with 

die  piodmiiMfi  ut  iltH  niefah  a .  t!  t  Miiihiiirs  leadih  \\ till  o\\ gen,  iiitioia’tp  <‘nrhon, 
.Mlitoiuel*  ,  and  l!ifie|*ae  *  .tniiol  hr^  protlllf'ed  hy  Ifalueillg  the  oxitir  witll  earhon 

in  die  fdri  nit  fitsmpe,  a-  dim  1041111*11  xndih  die  laihitle,  Hie  ililtieulty  in 

rediieiiig  die  tixiihx  aial  ih**  leadtK  t*xidisah|e  naliiir  and  higli  melting  point  of 
the  ilivi  led  iiirfal,  niitke  im  |ifiii||ir’iiifn  »iii  expensne  iiiiiini.  It  liusjieen 

prepafrd  hi  irdiiMiia  pofassiiini  /in  lliioiiilt'  widi  metallie  sodiutn  in  an 

non  t'Uiiidn,  nsing  a  iavta  of  Itrmd  ptilassiuiii  t  hloiide  as  pniiertive  eover, 

Aeeoidifig  to  a  leiiiil  <  1  tiiiiiiillii*  at loii  by  K.  U'rdektnd  ( /i////n/e//,  Idpp  39^, 
t,piK  iinsati'dai  lory  result**  aie  ofiiaiiird  fiy  leilii*  mg  die  oxide  with  either  metallie 
almiiiiimiti  4*1  iiiagfiestuiin  Inii  a  \tfld  fd  the  nieiai  is  obtained  by  hi’aling  the 

oxii.ie  widi  iiifda!!i<  lah  iiiin  shavings.  *riie  iipeialii»n  is  i‘artie«i  out  in  an  h'on  tulie 
III  a  pfi’ssiiir  of  cei  0.5  iiini.  ol  iiiefeiny.  Hie  pioilin  t  of  the  reaetion  is  t{«*ati’d 
siirtresMvrly  wiilt  wafer,  aeriie  aiid,  dtliilr  h\ tlioi  hloiit  m  id,  and  wat(*r  until  free 
fioiti  ixil*  iiiiii,  am!  is  ihen  wash!'*!  wnli  aMdoiie  am!  dried  ///  al  300  C  .  All 

thf'se  tfperatiotis  lined  be  earrted  util  in  the  abseiiee  id  an. 

blue  /iti'oititiiii  iiielis  a!  atioiii  (’..and  has  a  speedie  gravd)  td  about 

6.  It  is  no!  mim  krd  In  sit!pliiift»  or  itiliie  a*  nls,  hut  is  dissnivial  in  tlic  eold  hy 
hydfoiltiorit  auti  or  440.1  legui. 

So  lai,  hiile  iisf'  liax  hf”r!i  IoiiihI  lot  iiitiallie  /irroiiiiing  Iml  it  has  ficim  tried  a% 
a  tilaiiiriil  t«ii  im  amlest  *iii  r!r*ifit  limps  i//;/o  u«iv;e.  (  Afm  ,  H|to,  23j_  20(15^ 
Ferro  ZircOilimil  i'*  ined,  So  a  iimileil  extent,  in  slerl  mamifaeUire  foi 
triiiiiviiig  iiiirf»gen  and  oxiifi's  tiom  ilir  finished  pioduei,  an  alloy  eotiiaining  io 
pf’f  trill,  of  /iieoiiiuiii  bring  added  in  ailif>ntlt  *djolll  l  pet  c'ent,  of  the 

wriglll  ot  sire!  Healed  I  st*r  Kngfisii  P.ilenl,  So.  «n|,j7h,  tillOl 

ZifCOoia  Quartz  'Ware  -  Rei  mii)  siiial!  I|iiaiiiilirs  of  /Jieoni.i  haviHiren 
Iililisetl  til  lie*  maiiiilm  line  oi  a  xaindy  td  tiiiaii/ ware  termed  **  Silnxitle ’*  (Kieneh 
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Putciit,  Xm.  432,7Sen  If  i-.  «  Luiiu  ii  duit  ihf  « *!'  a  ►iu.i!i  ^uaiiliu 

t47irrttiua  iiiakr'n  ihr  w.ii*'  u -.iNiaii!  u^wauU  itii  .nfit’n  *4  lin  M\itii  s, 

parlit  iilirh  aikah^,  ami  t!fti«a‘t%  h\  U}'n'Uin\  !Mwa:7i-.  « ala  .n  mu  lualiin,,. 
'The*  friiNila  n!frii.jh  *'  al^«»  ‘^a'hl  Im  Ilf’  fialX  !!i-  h\v  ‘  7 

Ai  hi  a  ir.i  a!  I'y  I  .  'riv-  nai ,  I ‘4  ■*■’;.  //:  na.,*,  j6,  r  l  r  a.,-  '  u -4  r  !«• 

ilrH,  sliifii  .I't-  u  i*  is!'t.r.ura  u.ar  .  t'  |'r|  s  ra!  i,  I  i,  .avl 

stuaigtfj  -diuylr  .  ^  i  yra  i  rna 
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'I'hc  ilrui.uul  i»*s  /iu'MU  I*’  miiK'h  ‘-nuillrr  tlsan  fitj  llu*  lUa/sluiii  I'UtUii'lcyitr,  a.ul  sales  aie 
ronrH{HHi(hni*ly  iin'ir  tlillinil!  lu 

Production.  SLiu*4ie^.  iIh  lUMiluetiMn  uf  /iretmitmt  minerals  aie  semK-what  difiioult 

{(.  obtain,  as  tin-  t»ulpui,  Innu  suusl  UnMlitii  is  vnv  iiUf-nupted.  In  ion,  Brazil  produciHl  25  tons 
vaUird  at  /,.7,4,i7,  and  small  ♦|tiamilir.  ate  t*eeasit>mdly  puHlueed  Jroni  the  United  Slates  and 
Nu!  way. 

Estimation  of  Zirconium  in  Minerals 

yiieoiiinm  is  mti.ilh'  esisauCrd  |.n;i\ iuirUiealK  a-  the  tiioxiilr  which  is  precipitated 

|{t»tn  snluUi»nH  oi  It .  ‘.tUs,  m  .1  li)djaUnl  tuna,  by  rwress  <*1  aniuiuisi.t, 

i’t.ieiically  all  /ii'c»aiiiui«  saiitrr.iB  hau*  fu  be  hs\e«l  with  alM'Ut  five  times  their  weight  of 
pulasstuin  InMiIphafr  brfuie  tin  \  Iws  njiie  sulublr  ill  ands.  Alter  iusiai^  die  melt  is  knudietl  with 
a  2  per  ei'iil.  s»4«Uun  sidpliune  arid,  and  the  itradubh-  i«  sulur  sep.uated  by  tiltration,  and  again 
liisetl.  ‘fhe  aetd  lihiafr.  air  fhrti  liealrd  with  adphmiitrd  liydrugmi,  any  precipitate  that  may 
luiin  is  tdlernl  ntb  w.idjrtl,  .tn>l  the  fdtrafr,  aifrr  Hmunal  nf  Milplmretted  hvtlrngen,  is  nearly 
lumtralisrd  with  .uuinMnm  m  !!«•  ts4d,  .ind  r\te*.s  u|  ,1  -afm.ued  suluiiuii  ul  sudium  thinsulphate 
added.  Altri  standing  l»n  a  frw  iiumitr  fla-  SMluii.iu  i%  healeil  tu  liuilini'  h*i  tme  lumr,  let  stand 
fui  twelve  liMiu  tillforil,  ;tial  ibr  pfccspil.ilr  %\rll  wadird  with  builuig  waten.  Tliiis  preidpilate, 
whii  h  eunl.nn  •  all  lh»'  ircemmu,  t.iiifalmii,  ihuunm,  and  iiianiunu  also  traces  td  inm 

and  ahmnnimit,  i .  di .  ni  Iruii urishai-  .iral,  and  ih*'  tliMimm  leinuvcd  frum  the  snhitiun  as 

uxal.itr  I  a-r  p,  2<iHi  Hie  ..salafe  filfia!**  tMtitauis  ilir  itf.uniiin  and  /in'Mniiim,  fait  in  order  to 
n’i*t>vci  lie*  .r  llir  esalale  tin;.!  l-r  i|r.!iu\rd  f.y  •'V.ipusal  mg  die  SMlutnm  israilv  tu  tli)nrss  with 
CMiicmii.itfnl  rniHc  :n  uL  Ibr  bases  ,tir  ihm  pf cripjialfil  b\  mean,  uf  sudinm  thiosulphate  as 
belerr.  Alter  lilir.ifnut  and  wa.fnrtg  wfdl  wsfli  li»4  w.iirf,  the  piec!|iiialr  is  tfissolved  in  eon- 
trniraird  ludi*«chb*fn  amd,  affri  diltttirig  ilie  -uflulioii  wiili  wain,  llie  titanium  and  /irronimn 
;ur  pirnpitafrd  iu|*rfliri  In  r\i'r  . .  u|  4miu‘Uiia.  Alin  fdlialton.  and  bring  well  washed  with 
w,*ir{,  tlir  piecipilair  Is  igiiiird  and  wrighril  a*  /tf  b  «  Td  L.  Hir  itiaiiiiim  dioxide*  in  thin,  pre- 
I'ipiiafe  tail  br  rsfimafrd  1 .  d-uinmfos  alh  tw  fhr  Wrllri  iiifiliod  f.er  p,  J2pt,  and  the  /irnmia 
♦  .filattird  b\  dill  -irlicr, 

Ml  lliuds  f>U  llir  «  unipb  fe  alnU  M  .  ef  «  Mitliiiriet.ll  let  lu  /uceudum  !ia\e  been  desnibfd  by  w. 
I'lanSmafin  f ‘e/.i;.,  luii,  r,ji,  .md  .d^..  by  \b  Wander  ami  B,  jratmeret 

ni/.i*.  loll,  rib 
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TANTALUM  AND  NIOBIUM 

Ih  Svi»NKV  J.  JuHNS'n»XF,  H.Sr.  (Lond.) 

LI'ri%RArURK 

A.  *LuU;ihnii  and  it>.  ‘fn.il  /V,»..  A’<m .1/ ///‘/A  itf.  /L//., 

inn,  19,  isn. 

KU'OLAHlH»r. “  L’Indtianr  df'.  Mrl.iux  M-i-nsid.isH- .  rl  tlr'/I'nir.  iLiH'S."’  /'/'>.* 

.Vi /Vw ////*/ II/,  I*air%. 

\V.  Vi)N  %rHir  U.u  ilrihlUfJ  itiid  ‘'ifiuf  .«  L.ilt  I'li. "  /'"-'.'/u 

A7/  ,  1 1 H  >5 ,  I X  s  4  V 

J  >iiO  laUr  dr-*  |»t' .1  Innirdrirn  T.usLd  /«/»,  ,  in  n» 

I Fi'H  I'anl.d  un«l  dif 'raiitLdl.im|ir.**  //#>*.  /Vw.*  inu^  IX|  7«L*. 

*M  >/r«ntnuT  ;uui  U-a’ 1  i»t  Taiiiahund’  /d#//.  /ii-./.,  5,  4in. 

I*.  IlRKi’U  . -»**  T.muduiiJ.”  J//wm/ (Nrw  \dnl4t  17,74111. 

W,  Mi'IHMWS,  L,  and  R.  RlKUf  l.UALi'ii.  Idilrt  »urhrsi  a!»rt  tniialUirht’-* 

\‘an,idin,  Kiuh,  niid  Taitiid/’  Jniinfi-u,  inti;,  355,  VF 

<).  ItHTNi  k.  “ ‘LmiahdrlftMdrn/*  e  /V//. ,  ini  L  ;|6,  t  {  V 

A.  S.  v\\  I'Kst \\u,  I'aiifalnm,  a  Xrtt  Mri,d  tit  Urnikliy.”  / AVa/raM*  1tn  4s*m|, 

mu.  25,  t 

'LAN’rALtAi  is  uur  rd'  tliusr  uLdalH  wtidsc  u|»|H';irAnc'r  In  c‘a!ijiiif*ru\  in  4  |Him 
rundititin,  h  of  t'nm|ut4livnly  nnsii!  tlalr,  and,  munn,  in  tis  |»f’t‘uliar  if 

.sianns  likely  tluU  it  will  find  a  fairly  witie  ningr  n!  ulihty. 

T.intalir  t»\idr  w.r»  lti-4  L-d.iffnl,  in  iKinL  t*y  ll.if/hiil,  tn»«»  a  ttiiii'i-fal  uLiatiird  finm 

Massjudiusrlts,  and  lln*  inrt;il  wa--.  |»iMdu*'rd  in  iin  ifii|»iiif  hy  llrr/rlitis  in  iHi4,  L)  iiraiina 

maasHiiun  flnut.mtaliitr  witli  inrtalltf  AlfliMii|di  Linialiiin  l»rl*»i}|,*s  n*  iltr  sainn  |a»»aL 

iif  rIrmrfiU  us  idlr«»atau  |4ht/4»!unii*H  arsmiix  arififti«iiy,  Id'unwtlu  uad  vuiuiltiini,  in  ii-»  I'ritriral 
pjftJlH'tties  ii  L*  kivr  liiilr  in  eotiimofi  wiili  thrsr 

Natural  Occurrence 

Tiiidalum  k  fmind  in  natiirf  only  as  the  «»\ide  (‘raA):,K  »fnd  is  iiHiully  aHsoriaied 
with  variable  perrenlagrs  of  the  ti^ideH  of  niolmitiL  irciit,  and  iiiangiiiiest*.  It  is  an 
fshcntial  c'onstitneni  of  alnnu  forty  niineraK  but  of  tljcHe  tiiily  taiualile  k  of  eom 
nnTeial  irnportant'e. 

Tantalite  is  the  most  important  ore  of  lanlahim,  farnirring  usually  as  a  bl;u  I 
mineral  liaving  a  sfns'ibe  gravity  t)f  6.5  7.3,  and  t'rystallising  m  iluMatluuhtimlui 
system.  When  pure,  its  «‘omptJsition  is  represented  tiy  the  fiaimila  hVO,  TadU,  Inn 
in  must  spet'imens  some  of  ilie  lanialum  is  replaeed  tiy  niobium  (tailiimbiumL  and 
stuue  of  the  iion  liy  manganese. 

Columbite  is  ilm  most  rtanmonly  oreurring  mineral  tsmlaining  tantalum.  Ii 
ofurn  <K’Curs  asHoeiaieil  with  tantalite,  being  essentially  a  niobair  of  iion  aiul 
manganese  of  tlic  formula  ( lH%Xfn)ONlnC K,  ant!  idbm  t’rystallises  in  oiiho  ihomliie 
prisms  whose  speeitie  gravity  varies  from  Ii  has  lietai  tihsiuvrtl  tlwt 

itn  iiK.Tease  in  the  pi^rccntagc  of  tanialum  in  tin,.!  mineral  is  ma-ompanied  liy 
a  proportionate  inrrease  in  ns  specitie  gravity,  and  ihis  relationship  has  liceii 
.suggested  as  a  means  of  roughly  estimating  the  tanialum  (‘ontent  of  a  miitrial. 
Part  of  the  niobium  in  the  mineral  k  often  replanal  by  lanialum. 

Other  minerals  containing  tantalum  are  fergusonitc  Cnitdialc  of  yiuitim  and 
tantalum),  samarskitc  fnioliales  and  tantalaies  of  iron,  ealciiim,  yttrium,  and 
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cerium  earths),  yttro-tantalite  (niobates  and  tantalates  of  yttrium,  iron,  cerium 
earths,  and  uranium),  tapiolite  (iron  tantalate).  At  the  present  time,  however, 
none  of  these  are  utilised  as  commercial  sources  of  tantalum,  as  the  demand  for 
tantalum  minerals  is  small,  being  more  than  met  by  the  supply  of  tantalite,  and 
none  but  the  highest  grade  of  this  mineral  finds  a  sale. 

Geographical  Distribution  of  Tantalum  Ores 

The  most  important  producing  localities  are  the  Greenbushes  and  Pilbara 
districts  of  Western  Australia.  The  mineral  also  occurs  in  certain  of  the 
tin-bearing  districts  in  the  Northern  Territory  of  South  Australia.  In  the 
United  States,  tantalite  ores  occur,  and  have  been  worked  near  Branch ville, 
Connecticut,  and  in  the  Black  Hills  of  Dakota.  As  a  general  rule,  American 
tantalite  contains  from  10-40  per  cent,  of  tantalic  oxide,  whilst  the  amount  of 
this  constituent  present  in  the  Australian  mineral  varies  from  50-70  per  cent. 

Tantalum  minerals  have  also  been  found  in  certain  localities  in  Finland, 
Sweden,  Norway,  Russia,  France,  Bavaria,  Italy,  the  Federated  Malay  States, 
Nigeria,  and  Ceylon,  but  at  present  none  of  these  occurrences  are  of  commercial 
importance  as  producers. 


The  composition  of  some  typical  tantalum  ores  is  shown  in  the  following  table  : — 

Table  XV. 


,  Formula. 

Tantalite. 

I. 

Columbite, 

Ceylon. 

2. 

Sania 

Miask. 

3- 

■skite. 

India. 

4- 

P'ergu 

Ytterby. 

5- 

sonite. 

(.'eylon. 

6. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Tantalic  oxide  - 

Ta.,0, 

76.34 

7.30 

1.36 

13.64 

28.50 

i-5t 

Niobic  ,, 

NboO’s 

7-54 

67.35 

47.47 

39.76 

29.66 

46.06 

Ferous  ,,  - 

FeO 

9.22 

0.43 

Ferric  - 

Yttrium  earth  oxides- 

Fe,,0„ 

13.90 

2.05 

11.02 

12.  15 

0.76 

YoO.^,  etc. 

12.61 

15.  So 

33-47 

41.22 

Cerium  ,, 

Uranium  oxide  - 

CcoO.},  etc. 

... 

3-31 

0.67 

0.82 

UsOg 

11.60 

12.09 

2.24 

... 

3-92 

Manganous  - 

MnO 

1.42 

10.30 

0.96 

0.42 

Lime 

CaO 

0.36 

0*73 

1.07 

4.40 

Magnesia  - 

MgO 

0, 14 

0.07 

Thoria 

ThO., 

6.05 

0.09 

2.48 

Titanium  dioxide 

TiOo 

2.90 

1.70 

0.07 

Stannic  oxide  - 

SnOo 

0.70 

0.50 

0.04 

Lead  ,, 

PbO'' 

0.68 

Tungstic  ,, 

WO3 

1.36 

Zirconia  - 

ZrOo 

4-35 

Water 

HoO 

1 

00 

ei 

I,  3,  and  5.  Afmeral  Industry,  1908,  17,  Soo.  2.  Col.  Rep.  Misc.  Ser.,  Cd.  3,190,  p.  30. 
4.  Btdl.  Imp.  Inst.,  1913,  10,  483.  6.  Col.  Rep.  Misc.  Ser.,  Cd.  3,190,  p.  37. 

^  The  production  of  tantalum  ore  is  small  and  variable.  During  1909,  ore  valued  at  was 

raised  in  Australia,  but  no  production  was  recorded  for  1910,  1911,  1912,  or  1913. 

Commercial  Value  of  Tantalum  Ores. — The  demand  for  these  ores  at  the 
present  time  is  very  small,  and  consumers  are  reported  to  hold  stocks  sufficient  for 
several  years.  The  price  of  tantalum  minerals  has  varied,  during  the  past  few 
years,  between  £2,.  los.  and  £1.  los.  per  unit  of  tantalic  oxide  (Ta^^^).  Buyers 
often  stipulate  that  ore  shall  contain  over  65  per  cent,  of  tantalic  oxide,  the  niobic 
oxide  must  not  exceed  3  per  cent.,  and  that  chromium  is  to  be  absent. 

Manufacture  of  Metallic  Tantalum. — This  may  be  roughly  divided  into 
two  operations — (i)  The  separation  of  the  tantalum  from  the  other  substances 
with  which  it  is  associated  in  the  ore,  and  the  preparation  of  a  salt  of  the  metal. 
(2)  The  electrolysis  of  a  pure  salt  of  tantalum  under  such  conditions  as  will  yield 
the  metal  in  a  fairly  pure  form. 
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time  by  W.  von  Bolton  was  to  mould  tantalic  oxide  with  paraffin  wax  into  rods,  which,  after 
calcining,  were  heated  in  vacuo  by  means  of  an  alternating  electric  current  {Zeits.  (X7igew.  Chetn.^ 
1906,  36,  1537).  The  rods  of  brittle  metal  thus  produced  were  purified  by  melting  i7i  vacuo. 

In  von  Pirani’s  process  the  great  afhnity  which  metallic  tantaluni  has  for 
hydrogen  is  utilised  as  a  means  of  purifying  the  crude  metal.  Tantalum  will  absorb 
about  740  times  its  own  volume  of  hydrogen,  with  the  production^  of  a  very  brittle 
compound.  After  saturating  the  metal  with  hydrogen  it  is  put  into  a  vessel  and 
made  the  positive  pole  of  a  circuit,  whilst  the  negative  pole  consists  of  barytes. 
The  metal  is  heated  to  redness,  and  then  an  electric  current  is  passed  which  melts 
the  metal  and  volatilises  the  occluded  gases  and  impurities  (see  also  French  Patent, 
3^7>293j  1906)- 

Properties  of  Metallic  Tantalum. — In  appearance  the  pure  metal  much 
resembles  platinum,  but  its  melting  point  is  considerably  higher,  being,  according 
to  recent  determinations,  about  2,910“  C.  The  specific  gravity  of  the  pure  fused 
metal  is  about  16.6,  whilst  its  specific  heat  is  0.0365.  The  specific  resistance  of 
a  bar  of  the  metal  i  m.  long  and  i  sq.  mm.  in  cross  section  is  0.146  ohm  at 
20“  C.  Tantalum  is  characterised  by  its  great  ductility,  combined  with  toughness, 
and  it  can  be  worked  by  the  usual  methods  employed  for  other  metals. 

When  first  prepared  in  quantity,  the  metal  was  stated  to  possess  unusual 
hardness  (Zeits,  Elektrochem.,  19055  II5  503),  but  at  a  later  date  this  was  found 
to  be  incorrect,  the  hardness  being  due  to  the  presence  of  small  quantities  of 
oxide.  When  this  impufity  is  removed,  the  metal  is  found  to  be  considerably 
softer  and  more  ductile ;  the  normal  hardness  of  pure  tantalum  being  about  equal 
to  that  of  medium  hard  steel.  Towards  chemical  action  the  metal  is  particularly 
resistant,  being  unattacked  by  solutions  of  caustic  alkali  and  mixtures  of  the 
common  acids.  It  is  attacked,  however,  by  hydrofluoric  acid,  molten  alkali 
nitrates,  sulphur,  and  fused  caustic  alkali :  the  latter  substance  causing  the  metal 
to  disintegrate  into  crystals.  On  heating  in  air,  the  surface  of  the  metal  turns 
blue  at  400“  C.,  greyish  black  at  600“  C.,  and  at  higher  temperatures  it  becomes 
coated  with  a  layer  of  oxide  and  slowly  burns.  When  heated  in  hydrogen,  it  forms 
brittle  compounds  of  metallic  appearance,  but  when  heated  in  vacuo  to  a  white 
heat  by  a  continuous  electric  current  the  metal  is  little  affected. 

Uses  of  Metallic  Tantalum 

At  the  present  time,  tantalum  is  perhaps  best  known  as  a  material  ^used  for 
making  the  filaments  of  certain  incandescent  electric  lamps  (see  p.  356),  but 
there  are  numerous  other  uses  to  which  the  metal  may  be  put,  and  a  few  of 
these  are  here  described. 

Tools. — The  use  of  the  metal  for  surfaces  and  points  which  will  be  subject 
to  mechanical  wear  is  covered  by  French  Patent,  351,351,  of  1905.  Various 
methods  have  been  introduced  for  producing  tantalum  of  the  requisite  hardness 
for  the  production  of  cutting  tools,  etc.  Amongst  these  is  the  addition  of  o.xide 
(English  Patent,  6,050,  of  1908),  treatment  with  oxygen,  hydrogen,  silicon,  boron, 
aluminium,  titanium,  or  tin  (French  Patent,  357,714,  of  1905).  For  the  pro¬ 
duction  of  hardened  tantalum,  according  to  English  Patent,  6,051,  of  1908,  the 
powdered  metal  is  mixed  with  i-io  per  cent,  of  silicon,  the  mixture  moulded 
under  pressure,  and  melted  in  vacuo  between  tantalum  electrodes.  From  5-10 
per  cent,  of  silicon  is  recommended  if  the  metal  is  to  be  used  for  tools,  and 
2-3  per  cent,  for  wire. 

Dental  and  Surg-ical  Instruments. — For  these  purposes  tantalum  possesses 
many  advantages,  amongst  which  may  be  mentioned  that  it  is  non-rusting,  can  be 
sterilised  in  acids  or  in  the  flame  at  a  moderate  red  heat,  and  the  instruments 
can  be  repeatedly  sharpened  similarly  to  those  made  of  steel.  For  dental 
purposes,  tantalum  tools  are  surface  hardened  by  a  secret  process,  and  have 
a  hardness  about  equal  to  that  of  agate  (see  also  Brit,  Med.  Jozirn.^  1911,  32,  724, 
and  Dental  Review^  1911,  25,  1210). 
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Chemical  Apparatus. inn-  luany  t*h«*in!('al  opfrations,  tantaluni  can  he 
iiM-ii  ill  pLif.-  nf  iilalimiou  and  lias  die  advantage  of  casting  considcaahly  less, 
tiiil  it  mU‘4  a!^u  !h-  uani'iulH'rrd  tlait  when  no  longer  tit  for  use  platinum  has 
a  in, like!  value  lua  tar  sluat  of  that  chargetl  hir  new  vessels,  whilst  it  would  seem 
piuhahle  that  dnaiNod  lautaliim  vtssels  wouUl  In*  of  comparatively  little  valuiv 
Ihifiiig  1013.  lantahnii  vc‘s^;e!^  wen*  snld  at  2s.  od.  per  gram.  l'lu*rc  is  no  evidence 
dial  llic  imial  fiiulmg  a  uiile  u%c  in  tlie  chcmmal  industry. 

Pens,  rta*  rla‘4ieiiy  and  liauluess  whi<'h  tantalum  possesses  when  rolled 
into  a  tliin  slirrl  la-iidti^  it  paiUeularlv  suitalde  for  tht*  manufacturt‘  of  ptms,  and 
11  is  staO'd  that  lai|;c  t|uaiuide‘»  arc  now  lieang  made  hy  a  firm  in  Berlin,  Bens 
iiiad»'  •*!  lanlaliiui  inui*  die  uikaiilagc  over  thoM'  nuult*  of  .st<‘i‘l  in  that  they  do 
not  and  :11c  not  corroiit-tl  tiy  ink.  In  oiaior  to  rc‘diua‘  the  wcaar  on  the 

ptiiiii,  i!  S‘t  ^.pcriallv  haidciied,  aiu!  will  dicn  wear  at  ahout  the  same  rate  as  a 
gi lui!  tpialily  ‘4«  cl  |»  m 

Electrodes.  Ata'ouhnn  to  the  invrsdgatiims  of  C ).  Bauniic  {Ckem.  Zeit.^  1013, 
36.  lAhlH  Lint.iluin  i%  paitii  iilarly  suilahlc*  as  an  c!rfiro«ic‘  material,  as  many 
iiif  ’.in  !i  a*,  ‘aho'n  copprr,  /iiav  iiiekrl,  plalinum,  and  antimony  tain  ht*  deposited 
(Cl  a  laitfalniii  i%idiodt\  and  tan  !>e  tlis^tilvcd  tdf  hy  atads  or  aqua  rt'gia.  As 
laiil.duin  i!*«o  iitii  folia  an  alloy  widi  /itii'  at  die  ^aHface  of  contact  with  the 
h  |iud»  U  doc*-,  ijof  tf«|tiirr  to  hr  tasilcci  widi  silver  tn*  copper  hefort‘  use  (sec 
af.o  tk  1 %!r!lirld,  /flt\.  Kkkii total  Ip*  5»‘^5k 

Alloys,  ratiialiiiii  toiins  allfiys  with  m.iiiy  miials  sindi  as  inm,  molyhdcnum, 
4fid  Itiny.  .Icn,  Bill  only  die  non  alloy  is,  at  present,  t»f  any  comnuat'ial  importancas 
Entail  luaiidlir ,  of  tnro  faiitaltim  have  hctai  prrpanal  fur  use*  in  the  steel 
ifitlirciv  hy  ilir  rrihniion  of  a  iniviurf'  <»f  tantalitr  and  iion  in  tfjc  electric  furnataq 
laif  l!i*'  alloy  ifor^  nof  *a’rm  to  he  widely  iisc*d  {Hot*  I.,  (luilh’t,  Ccw/fta'  wa/., 
Ml  I4S  ,1X1' 

IKt  ,,  \'^r<  loll  I*  lAiC.ditia  ai  ilir  rtiifn!  l«»i’  use  in  thf ‘arc*!  inthotry  at 

7.  ti.l  I  i't  ih  1 4  unCilsni  r»inuae”.|.  1  hr  ail«»y  iianilly  onmuio  IrtJifn  6«?  70  jiri  rrnt.  nf  nuitaUnn. 

\  «  %  '  4'  *  *  lai  of  “ '4'  m|  i.itihdiiiii  ni  4}iil  irt'hnuhtgy  i%  ffiven  l«y  A.  R.  Mryrr  in 

/*■;«  ;,  •**  C.  /  *  |tii  I,  338.  m2. 


XIOIIIUM 

\'‘i  oil  p.  347t  itiis  cltiiirnii  in  llic  form  of  its  ti.xidt*,  is  almost  in- 

laiiiil.ilv  iceiorblrtl  wiili  laiiiiiliini  oies,  Inil,  al  llu:  present  time,  dicre  appears  to  lie 
no  riifiitiirii  iitl  tisc  ftir  lli«*  iitfdal  <ir  its  salts. 

If  ran  he  iihtaitital  in  a  irtciallic  state  !>y  Hina-ritl  proiasses,  amongst  whndi  may  be 
tiiriiiioiird  Cl  I  Klcmrolysis  ot  jifiiassiinn  !ltiii\y  tiiohatc  in  a  manner  similar  to  that 
rtiiiilinX  ill  die  pfotliiriiiiii  of  taiilaliim  (see  p.  330).  (3)  Hy  imssing  a  mixture 

of  dir  vapoiii  r»l  die  tiirm  tiloride  and  tiytlrogcn  dirotigli  a  red  hot  tube.  (3)  By 
!!ir»  almiiiiio  ilcamie  |«oet‘ss,  wlii«’!i  ytelils  a  prodtiti  containing  about  3  per  camt.  of 
aleairivimit  ttliitli  ian  he  renewed  hy  heating  i/i  7*ai'mK  (4I  Hy  von  Bolton's 
mI  mixing  iiiohiimi  prnli»\iile  witli  paraffin  \wix,  st|uiiiing  into  fine  threads, 
.iiiil  hraliny  llieo'  |o  a  irmpnalufi*  of  imoo"  i\  Csee  p.  340). 

Properties.  Mriallie  niohiitm  !ia%  a  spec  ifie  gtavity  of  13.7,  and  mc’lts  at 
c  \  l!  r,  t  fiiradf'ialtly  lov.  malie.ihlr  and  <im  tih*  dian  taiilalum,  and  when  in 
ilm’  livim  Ml  |iiiWf|r|  n  lafiutly  o\tdisi*s  in  air,  hut  die  massh’c  metal  is  more 
tr*4%!,!n!,  piohahly  owiiig  III  a  piofet  liVi*  t'oaliiig  <if  oxide^  being  fornted.  It  is 
III  iiio'‘4  a«  id*h  awl  1“+  liol  aluiekcHl  hy  of  die  alkalis,  \ Hit 

oi  .illali'i  readily  allw'k  llie  iiKial, 

Elstimatiou  of  Tantalum  and  Niobium  in  Minerals.-^^d'he  complete 

awihvi'.  eg  a  I  t,iiii|ilf'X  laiiLiliiiii  iiiiiirral  is  olnm  a  long,  tedious,  ami  eomplieaieci 
viiiilrfialwK.  It  e.  imptftdlilo,  in  itir  ^paer  here  availatdc',  la  give  full  details  of 
iiaihoil*.  m!  analveis  tmi  iltr  follfiwiiig  brief  fiiitline  of  a  pr<iecss  for  the  separation 
;ii4i  r  aiiii.iiiofi  i:il  laiiLiliiiii  aiiil  iiiiiiiiiifii  iiuty  be  of  servit'C. 
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About  I  g,  of  the  fiaely  ground  tantalite  is  fused  for  several  hours  with  about  five  times  its  weight 
of  potassium  bisulphate,  and  after  cooling,  the  melt  is  lixiviatetl  with  5  per  cent,  sulphviric  acid. 
The  insoluble  matter  is  separated  by  filtration  and  again  fused.  The  sulphuric  acid  solutions  tluis 
obtained  are  diluted  to  200  c.c.,  and,  after  nearly  neutralising  with  ammonia,  saturated  with 
sulphur  dioxide  and  well  boiled  for  about  one  hour.  This  causes  the  precipitation  ot  any  traces  of 
niobium  and  tantalum  which  may  have  passed  into  solution.  The  precipitate,  togellum  with  the 
insoluble  residue  previously  obtained,  will  now  contain  all  the  niobium,  tantalum,  silica,  together 
with  some  of  the  tin,  tungsten,  and  titanium.  The  moist  precipitate  is  digested  with  amnumimn 
sulphide  in  order  to  remove  the  tin  and  tungsten,  and  is  then  washed,  transfeireil  to  a  platinum 
basin,  and  dissolved  in  a  few  drops  of  hydrofluoric  acid.  After  diluting  the  solution  tt>  about  20  c.c. 
it  is  boiled  in  order  to  expel  silica.  If  the  quantity  of  titanium  present  in  the  ore  docs  not  much 
exceed  5  per  cent.,  then  the  niobium  and  tantalum  in  the  hydrofluoric!  acitl  solution  can  be  separated 
and  estimated  by  the  Marignac  proce.ss,  but  if  titanium  is  present  in  large  (pianliiy  the  separation  is 
ineffective,  and  some  other  proce.ss  must  be  adopted.  The  presence  of  titanium  in  tantalum  ore  alsti 
causes  a  large  amount  of  the  tantalic  arul  niobic  oxides  to  pass  into  solution  after  the  fusion  with 
potassium  bisiilphate,  and  special  methods  of  analysis  have  to  be  adopted  (see  T.  (!rook  and  S.  J. 
Johnstone,  d//V/.  1912,  16,  244).  Assuming  that  only  a  small  <iuanlity  of  titanium  is  present, 

then  the  tantalum  and  niobium  are  separated  as  follows The  solution  in  very  dilute  bytlr<»tluori<! 
acid  is  concentrated  to  about  20  c.c.,  heated  to  boiling,  and  to  it  is  added  a  boiling  solution  contain 
ing  about  o.  7  g.  of  potassium  fluoride.  The  solution  is  slowly  evaporated  to  jo  c.c.  and  let  ct>ol 
slowly  to  about  15”  C.  When  thoroughly  cold,  the  clear  solution,  which  contains  all  the  niiddmu 
and  a  small  part  of  the  tantalum,  is  decanted  through  a  small  filter  into  a  small  platinum  dish.  The 
residual  mass,  consisting  of  crystals  (T  potassium  fiuo-tantalate,  is  washed  four  times  with  a  few  e.c. 
of  cold  water,  the  washings  being  added  to  the  main  solution,  which  is  evaporated  to  about  5 
and  let  slowly  cool.  This  solution  is  decanted  and  the  crystals  washed  four  times  with  a  few  c.c.  of 
cold  water,  and  then  examined  with  a  lens  for  flat  plates  of  potassium  fluoxy-nttduite.  If  these  ate 
present  they  must  he  removed  by  further  washing.  Next  evaporate  the  solution  to  dryness  on  the  waiter 
hath,  cot')l,  add  one  drop  of  hydrofluoric  acid  and  o.  i  g.  of  KF  dissolved  in  i  c.c.  of  water.  Then 
run  into  the  dish  from  1-5  c.c.  of  water  acconling  to  the  proportion  of  niobium  expected  to  be 
present,  allowing  i  c.c.  for  each  7  per  cent,  of  Nb,.0^.  Heat  rapidly  for  a  few  seconds,  uiUe 
the  total  hulk  of  solution,  and  set  aside  to  cool  for  one  hour.  Filter  the  solution  into  a  small 
platinum  dish  and  wash  the  residue  three  or  four  times  with  a  few  tlrops  of  water,  making  note  of 
the  approximate  hulk  of  the  washings.  To  the  solution  add  8  c.c.  of  strong  sulphurie  acid,  evaporate* 
to  fuming,  and  maintain  at  this  temperature  for  at  least  twenty  minutes  in  order  to  remove  tlie  last 
traces  of  hydrolluoric  acid. 

After  cooling,  the  solution  is  poured  into  150  c.c.  of  cold  water,  and  the  whole  boiled  for  about 
twenty  minutes  in  order  to  completely  precipitate  the  niobium.  The  solution  is  tlltered  ami  the 
precipitate  well  washed  with  boiling  water,  dried,  ignited,  and  weighed.  The  whole  of  the 
niobium  and  a  small  proportion  of  the  tantalum  is  contained  in  this  precipitate;  the  tantalum  being 
allowed  for  on  the  following  basis—o. 00365  g.  Ta./k  for  each  c.c.  of  solution  from  whicli  the  final 
crystallisation  took  place,  and  o.oooqr  g.  Ta.X  k,  for  each  c.c.  of  wash  water  in  the  final  liltration.  The 
remainder  of  the  tantalum  is  reeovereil  by  dissolving  the  crystallised  pttiassium  fluo-tantalate  in  a 
few  c.c.  of  water,  adding  about  10  c.c.  of  conceiUratt'd  sulphuric  acid,  and  evaporating  to  fuming. 
When  cohl,  the  acid  solution  is  poured  into  about  200  c.c.  of  water,  and  tlie  tantalum  precipit.uetl 
by  the  addition  of  ammonia.  The  precipitate  is  filtered,  washetl,  ignited,  and  wcighe<l  a-»  I'a-.O... 

A  convenient  and  rapid  proi'cns  for  the  volumettic  (‘stimation  nf  niobium  in  a  mixture  of  oxides 
of  niobium  and  tantalum  has  lieen  tlesrrilu'd  by  h'.  I).  .Met/g(*r  am!  C,  F.  laylor 
C/iem.f  1909,  62,  382).  Tht*  method  depends  on  the  fact  that  ifsuccinie  acid  he  added  to  a  lasulpimte 
fusion  of  niobic*  and  tantalic  oxide's,  tlic  solution  can  be  diluted  and  beatc*d  without  «h*positing 
in.soluble  compounds  of  the  two  elements.  When  this  solution  is  trt'tued  with  arnalgamatc*d  /inc*, 
the  niobium  is  reduct'd  and  can  be  tilr.itetl  with  ptUassimu  permang.matt',  AbtnU  0.5  g.  of  the 
mixed  oxides  is  fused  with  5  g.  of  potassium  bisulpliatc,  to  c.c.  of  concentratetl  Hulpitiiric  aeul 
added,  and  the  heating  continued  until  a  clear  solution  is  obtainctl.  The  solutitm  i  «  ptuneti  into 
a  beaker,  the  crncililc  rinsed  out  with  30  c.c,  of  sulplmiic  acid,  anti  the  whoh*  allowed  to  «*ool. 
Twog.  of  succinic  acid  arc  stirred  into  the  litiuid,  folltnvrd  by  20  c.c.  of  a  saturalt'tl  aquetne.  stilutioti 
of  succinic  acid,  and  lastly,  200  c.c.  of  water.  The  thjuid  is  healed  to  75"  and  sent  through  a 
Jones  zinc  reductor  (previously  wanned  by  rumting  through  it  200  t*.c.  of  5  (n  cent,  sidphurit* 
acid  at  75'*  C.),  filled  with  20  per  cent,  sulphuric  acid  also  heated  at  75  The  niobium 

.solution  is  followed,  first  by  50  c.c.  of  20  per  cent,  .sulphuric  acitl,  am!  then  by  2<m>  c.c,  of  5  pei 
cent,  sulphuric  acid  (both  at  7*5“  C.).  The  nnswu  retluccd  stduti«»n  arul  washings  arc  al  tmcc  titiatrtl 
with  pota.ssiiim  permanganate  in  an  atmosphere  of  carbon  dioxitie.  (buifr  these  ctmcliiious,  niotiic 
oxide  is  reduced  to  an  oxide  apprtiximating  to  the  formula  NbJlj.  whilst  tantalic  oxide  is 
unaffected. 

The  degree  of  amalgamation  of  the /.in c  in  the  retlucrtor  is  important.  It  is  best  prepared  by 
shaking  600  g.  of  sieved  zinc  for  several  minutes  with  250  c.c.  of  a  solution  containing  0.5  g.  of 
mercury  dissolved  in  25  c.c.  of  concentrated  nitric  acuL  The  atnalgamateil  zuic:  is  wadied  first 
with  water  and  then  with  dilute  sulphuric  acui,  and  is  stored  under  %vater. 

Acknowledgments.  --Thanks  are  due  to  Messrs  Siemens  Brothers  Dynamo  Works  tor 
information  on  the  recent  utilisation  of  metallic  tantalum,  and  to  Messrs  G.  Blackwell  Sc  Sons,  of 
Liverpool,  for  .supplying  quotations  for  tantalum  ore  and  its  ferro  alloy. 
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Scheelite,  a  tungstate  of  calcium,  is  a  white  mineral  having  a  specific  gravity 
of  5.9-6.!,  and  when  pure  contains  80.6  per  cent,  of  tungstic  oxide  (WO3). 

Ferberite  is  a  black  opaque  mineral  having  a  specific  gravity  of  about  6.8. 
It  consists  essentially  of  iron  tungstate. 

Other  tungsten  minerals  of  less  importance  are  cuprotung'Stite,  Stolzite 
(lead  tungstate),  tungstic  ochre,  etc. 

Analyses  of  some  typical  tungsten  ore  concentrates  are  given  in  the  following 
table : — 

Table  XVI. 


‘  Formula. 

I. 

Wolframite, 
N.W.  Spain. 

2. 

Scheelite, 

■  Zinnwald. 

3.. 

Hiibnerite, 

Colorado. 

4-  . 

Ferberite, 

Nederland. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Tungstic  oxide  - 

-  !  WO3 

64.13 

77.84 

70.21 

63.88 

Stannic  oxide 

SnOo 

0.68 

Ferrous  oxide  - 

FeO 

10.88 

1  2.03 

20.44 

Ferric  oxide 

FeaOg 

! 

0.35 

Alumina  ► 

AI2O3 

5*32 

0.56 

2.19 

Manganous  oxide 

MnO 

6.42 

21.72 

0-37 

Lime  ►  -  -  - 

CaO 

1. 21 

19.48 

0.37 

0*35 

Magnesia  - 

MgO 

3.16 

0.50 

Molybdic  oxide  - 

M0O3 

2.23 

Silica 

-  ,  SiOs 

7.71 

4.91 

6.45 

I,  3,  4.  O.  J.  Steinhart,  Min.  Ind.,  1908,  17,  830.  2.  Traube,yi5.  Min.,  1890,  7,  232. 


Geographical  Distribution  of  Tungsten  Ores 

The  increase  in  the  demand  for  tungsten  ore  during  recent  years  has  led  to  the 
development  of  deposits  in  many  countries,  and  it  is  impossible  in  the  space 
available  to  give  even  a  brief  account  of  the  more  important  of  these.  At  the 
present  time  the  most  important  producing  countries  are  the  United  States, 
India  (Burma  and  Shan  States),  Queensland,  New  South  Wales,  Portugal, 
Argentina,  and  the  United  Kingdom.  An  account  of  the  occurrences  in  the 
United  States  will  be  found  in  the  Mineral  Resources  of  the  United  States,  1910, 
Part  i.,  p.  744  (United  States  Geol.  Sur.,  Washington,  1911).  For  a  description 
of  the  other  occurrences  the  literature  quoted  at  the  beginning  of  this  article  should 
be  consulted. 

Concentration  of  Ore. — Tungsten  ore,  which  often  occurs  associated  with 
numerous  other  minerals,  is  usually  separated  from  these  and  concentrated  by 
some  process  of  wet  dressing.  This  treatment  results  in  the  concentration  of  the 
tungsten  ore,  but  the  other  heavy  minerals  present  accumulate  with  it,  and  other 
means  have  to  be  adopted  to  separate  these  from  the  ore,  in  order  to  produce  a 
marketable  product.  As  wolfram  ores  are  usually  slightly  magnetic,  this  removal  can 
often  be  accomplished  by  means  of  an  electro-magnetic  separator  (see  Fig.  3,  p.  296). 

Owing  to  various  causes,  such  as  the  excessive  production  of  slimes,  the  losses  in  dressing 
tungsten  ore  are  usually  high. 


Production  of  Tungsten  Ore 

The  following  table  shows  the  production,  in  short  tons  (2,000  lbs.),  of  tungsten  ores  during 
recent  years.  For  purposes  of  comparison  the  outputs  from  the  various  countries  have  been 
reduced  to  a  basis  of  ore  containing  60  per  cent,  of  tungstic  oxide,  WO3  {Min.  JRes.  United 
States,  1912,  Part  i.,  p.  993). 
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Manufacture  of  Metallic  Tungsten  and  its  Salts 
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About  lo  per  cent,  of  sodium  nitrate  is  sometimes  also  added  to  the  mixture. 
Whilst  in  the  furnace,  the  mass  is  maintained  at  a  red  heat  for  about  four  hours, 
care  being  taken  that  it  does  not  fuse,  and  only  reaches  a  pasty  condition. 
According  to  G.  Erhard  (^Die  Metallurgies  1912,  9,  441),  who  gives  a  good  review 
of  the  processes  available  for  smelting  tungsten  ore,  it  is  advisable  to  let  the 
pasty  mass  cool  after  this  first  heating,  crush  in  a  ball  mill,  and  again  sinter.  The 
first  heating  converts  about  70  per  cent,  of  the  tungsten  into  sodium  tungstate,  whilst 
the  second  sintering  increases  this  amount  to  about  90  per  cent.  After  the  second 
heating,  the  pasty  mass  is  removed  from  the  furnace  and  leached  with  water  in 
superimposed  vats,  so  that  the  weak  liquor  from  the  final  washing  of  one  batch  is 
used  for  the  first  leaching  of  the  next.  The  solid  residue  from  this  treatment 
often  contains  cassiterite  (tinstone),  which,  being  of  considerable  value,  is  re¬ 
covered  by  treating  the  material  on  shaking  tables  of  the  Wilfley  type  (see  Fig.  r, 
p.  295),  or  by  other  suitable  means. 

The  solution  obtained  as  above  can  be  (i)  evaporated  to  dryness  to  give  crude 
sodium  tungstate,  or  (2)  evaporated  to  crystallisation  for  the  production  of  the 
pure  salt.  The  chief  impurities  present  in  the  crude  sodium  tungstate  produced 
by  evaporation  to  dryness  are : — Sodium  sulphate,  sodium  silicate  and  arsenate, 
whilst  iron  and  manganese  occur  in  smaller  amounts.  When  the  pure  salt  is 
required,  these  impurities  are  removed  by  the  following  series  of  operations.  Iron, 
manganese,  and  arsenic  are  precipitated  by  the  addition  of  a  small  quantity  of 
caustic  soda,  and  the  greater  proportion  of  the  sodium  sulphate  will  crystallise  out 
before  the  sodium  tungstate.  The  silica  passes  to  the  mother  liquor  which  remains 
after  the  crystallisation  of  the  sodium  tungstate,  and  may  cause  a  considerable 
loss  of  tungsten,  as  it  leads  to  the  formation  of  soluble  silico-tungstates.  This  loss 
is  mitigated,  to  some  extent,  by  the  fact  that  this  silico-tungstate  can  be  obtained  by 
further  evaporation,  and  sold  for  fire-proofing  purposes.  It  is  also  possible  to 
recover  the  tungsten,  thus  retained  by  the  silica,  by  adding  a  calcium  salt  to  the 
solution,  and  thus  precipitating  calcium  tungstate.  After  recrystallising  the  sodium 
tungstate  and  thus  obtaining  a  fairly  pure  product,  it  is  dissolved  in  boiling  water, 
and  added  to  a  boiling  solution  of  hydrochloric  acid,  which  has  been  previously 
diluted  with  its  own  volume  of  water.  This  latter  solution  sometimes  contains, 
in  addition,  about  6  per  cent,  of  nitric  acid.  This  treatment  causes  the  tungsten 
to  be  precipitated  in  a  granular  form  as  hydrated  tungstic  oxide  (‘‘tungstic 
acid  ”)  which  is  filtered  off  and  well  washed  in  filter  presses.  In  the  precipitation 
and  washing  considerable  losses  may  occur  owing  to  the  formation  of  a  soluble 
acid  tungstate,  and  also  of  colloidal  tungstic  acid,  which  pass  away  in  the  wash 
waters.  The  extent  of  these  losses  is  influenced  by  (i)  the  strength  of  the 
solutions  of  sodium  tungstate  and  hydrochloric  acid  before  mixing  \  (2)  the  method 
of  mixing,  filtering,  and  washing.  It  is  best  to  mix  the  solutions  slowly,  with  constant 
agitation,  at  as  high  a  temperature  as  possible,  and  to  wash  rapidly  with  dilute  acid. 

It  is  very  essential  that  the  tungstic  acid  should  be  washed  free  from  sodium 
salts,  for  if  this  is  not  done  the  product,  when  dry,  has  a  greenish  tinge,  and  is 
supposed  to  be  less  suitable  for  the  production  of  tungsten  powder.  Various  other 
processes  have  been  suggested  for  the  production  of  sodium  tungstate,  amongst 
which  may  be  mentioned  that  of  Jean,  which  consists  in  heating  the  ore  with 
calcium  carbonate  and  sodium  chloride,  a  process  which  is  only  applicable  to  pure 
wolframite.  The  Kempen  Electro-Chemical  Company  heats  sodium  bisulphate  to 
fusion  with  mono-hydrated  sulphuric  acid,  and  then  introduces  the  powdered  mineral 
(German  Patent,  149,556,  of  1902). 

Preparation  of  Metallic  Tungsten.— Metallic  tungsten  can  be  obtained 
from  tungstic  oxide  by  several  processes,  such  as — (i)  Reduction  by  means  of 
hydrogen.  (2)  Heating  with  carbon  in  an  electric  furnace.  (3)  Heating  with 
metallic  zinc.  (4)  Conversion  to  the  hexa-chloride  and  reduction  in  hydrogen. 
(5)  Conversion  to  the  nitride  and  heating.  (6)  Heating  to  redness  a  mixture 
of  ammonium  tungstate  and  metallic  zinc.  (7)  Reduction  with  aluminium  or 
magnesium.  (8)  Electrolysis  of  the  double  chloride  of  sodium  and  tungsten. 
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I‘ew  t>f  these  pitirfSHfs  .Ur  rinninru’ia!  im|nut;uux\  exrcpt  (i)  anti  { .M, 
ulthnugh  ta-rtain  t»f  tht*  others  may  he  m  use  on  a  small  seak*. 

Ktaluetion  in  a  emrcnl  of  liydiui^en  gi\es  a  purer  protim  t  than  that  olitaiuetl 
when  catbt>n  the  italueiiu,:  a^mil,  Imt  it  i%  somewliat  diftieult  to  taintitd  the 
(speratitHi  am!  to  make  iIh'  reatuton  to  etunpletion.  'The  reduetion  with  earhon 
is,  therefori*,  tht*  proeess  iiiou*  usually  eiuployrth  In  praetiee,  the  drietl  tutt|;stit‘ 
oxitie  is  mivetl  with  slighiK  te‘ss  than  the  full  t|uan!ily  ot  earla^n  rt*quiicd  for  its 
ruduelinn  In*  means  t»fearht»n  monoxide,  and  themixlun*  lieated  in  erueil>les.  ‘Hie 
pn>et*NS,  as  di‘setihrt|  hy  Hi,  hahard,  t'onsists  in  tuixini*,  loo  kilos  of  ilried  timgsti«' 
oxide  with  14  kikis  of  piirt*  ehareoal  fpetioleum  rokei  ant!  2  kilos  (if  rttsin.  dliis 
mixture  is  plaet*d  in  a  eiiieihle,  llu’  lit!  firmly  lultal  tm,  and  the  wlu»k'  maintaiiuai 
at  a  temperature  of  1,400  C\  for  soiiu^  time. 

d'he  metallie  p«»wder  ptothieed,  whitdi  is  mixeti  with  unhurnl  eaihon  and 
unretliH'ed  tungstie  oxide,  is  elutriated  so  as  to  rrmov<-  ihe%r,  togetlua  witli  tlu* 
vmy  fmcNt  partieles  of  imiak  lln*  material  so  lemoved  i=.  mixed  with  the  lU’Xt 
eliargi*  to  ht*  redueetl. 

Cost  of  Produetion.  I'lir  m  tinil.e  mdau  »M.n  m  dir  nf  itui.illi*  !ii:n.».5<s.  .ur 

Mmiewli.U  hiitk,  uwjur  Im  ihr  umuPri  «*|  ti| <1*1411* ‘ir*.  r.n  !i  mI  w i»j.  h  riii.ul .  .»»mr  !•<  .  m{  lu.Urn.il 

l**ur  r\.mi|>I«\  a  v*  tuimd  ihaf  fe»t*i  !  hrMirf  ir.il  ,i»|ri.eiM{r  1/7  |».ui  ‘ft  tie*  s*vt«lr  .hMtitU 

yirld  loi  «»!  fhr  iiir!.il,  »i  pei!  !i*'r  .il  Ir.i  a  i-iu  piiif  .  sir  |f’t|UltrU.  ‘ri:r  ts» .{  .  *tt  |if mUiIi  ! s <U 

t  **  rrUitoinft  "I  |‘<'a  I'sti  *4  itirf.tl  .umnait-t  fu  alnnif  *»»  ih.it  it  »•!«■  i  Miif.unuH' no  grj  ‘  »aif 

i»f  tuug-air  "Oiflr  I  M-.! ,  A  u  a,  liir  iurl.U  will  i»ra  .thnll!  il«»  4  Smu, 

Ferro  TllOg'Sten,  ’Hits  alloy,  wineh  finds  a  wirle  use  in  the  steel  nidusin. 

(  an  he  prepared  hv  seveial  imihods,  Mit  fi  as  ii|  I'he  diieel  friluelion  «♦!  iIh*  ote 
hy  m«*an*.  of  eadum  in  a  taneihle.  l.'l  Uy  ledueiiig  in  the  eleeitic*  finnme  !»v 
mt*ans  of  some  Mihsiam  t'  other  than  laihom  ip  Ih  dnei  i  fediieii(»n  m  tla* 
eledrif*  furiuK'c  liv  imnnis  ot  raihon. 

In  the*  first  proi*ess  flu*  «s an  mliatetl  on’  i.  platrii  in  i  i  lav  limsl  (ituilde, 

tugftlua’  wilii  a  siiilalile  flux  and  llie  teifm  iny,  apa'id, ‘nul  the  uholr  i,  hfsitrd  in 

a  gas  tired  fiirnat'e,  tt>geiher  with  the  (onr«  t  ptopoiiion  of  non  oi  sUtI  st  tap 

Wlum  direi  I  renim  lion  hy  means  of  eaihon  in  the  i'ksiiH’  liiii}a(e  is  I'mpl^otsh 
wolframile,  small  hnhiieiilr,  aiul  teihriile  an- ea  alv  ledtu  rd,  hut  seheelile  is  moie 
diftieult  to  treat,  amt  gives  lliiek  pasty  slag*.  Hie  alloys  piodm  ed  liy  rithef  cd  llie 
above  proeesHt*s  are  ile*  ailntrised  hy  means  ot  reliiitiig  slags, 

‘Hie  romposiiioii  of  liingsitni  powaler  and  teno  unigsten  is  slictwii  in  the  following 
tahk\  the  powder  being  proiliired  by  the  rediielion  of  iniigsiie  oxide  hy  means  of 
<‘arhiJn,  whilst  tht*  ferici  UingHlen  was  ohiaiiied  li)  reduitioii  m  llie  eks  iiii  turnm  t* 
Canalyses  quoted  hy  ().  j.  Sieiiiharh  4////.  /##/.,  h|oH,  17,  iH^p 
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Ductile  Tungsten. — The  advent  of  the  tungsten  metal  filament  lamp  (set^ 
p.  357)  led  to  a  search  for  methods  of  producing  the  metal  in  a  more  ductile  form 
than  it  had  previously  been  obtained,  and  it  was  found  that  the  part*  metal,  whtai 
submitted  to  repeated  swaging  and  heating,  loses  its  crystalline  character  and 
becomes  ductile  and  fibrous. 

The  master  patent  in  this  connection  appears  to  be  English  Patent  23,-109, 
of  1909,  granted  to  the  British  Thomson-Houston  (\).,  whic'h  is  liriefly  as 
follows.  By  repeatedly  working  a  heated  body  of  coherent  tungsten,  the  metal 
may  be  obtained  in  a  form  which  is  ductile  both  when  hoi  and  at  ordinary 
temperatures;  the  consolidated  rod  being  transformed  by  repeated  rolling, 
hammering,  swaging,  or  drawing,  into  a  form  which  shows  a  (‘onchoidal  fracture  and 
ultimately  becomes  very  fibrous.  This  process  is  described  in  full  on  p.  359. 

For  the  production  of  ductile  tungsten  by  the  above  method,  it  is  necessary 
that  metal  of  great  purity  should  be  employed.  At'cording  to  ().  Ruff  (/Afs\ 
angeiv.  Chem,y  1912,  25,  1889),  the  metal  must  be  entirely  free  friim  oxide;  iron 
and  nickel  and  non-metallic  impurities,  such  as  sulphur,  phosphorus,  et(\,  must 
be  entirely  absent.  It  should  not  contain  more  than  about  o.x  per  cent,  of  ixuhon. 
Before  working,  the  metal  should  be  sintered  almost  to  the  melting  point  in  tn’der 
to  obtain  it  in  as  dense  a  condition  as  possible.  In  order  to  get  a  pure  metal,  it 
is  desirable  to  purify  the  trioxidc  by  reducing  it  to  the  dioxidt*,  volatilising  tlu* 
latter  as  oxychloride,  and  treating  this  with  hydrochloric  atnd.  'Tungsten  dioxide 
(WOo)  can  be  prepared  by  heating  the  trioxide  to  bright  redttess  with  one  fiftli  of 
its  weight  of  glycerol  or  similar  hydroxy  compound  (English  Patent,  18,922,  1907). 
By  this  means  silica  and  pho.sphoric  acid  are  left  behind  in  tht^  non-volatile  rt\sidue, 
whilst  arsenic  and  antimony  pass  into  solution  in  the  hydrocldoric  ac'id.  I1ie  purt‘ 
trioxide  is  reduced  in  a  rapid  current  of  hydrogen  at  a  temperaturt*  1,250" 
and  is  pressed  into  rods  which  are  hardened  by  heating  in  hydrogen  to  a  tempera ^ 
ture  of  about  isSoo""  C.,  and  then  sintering  in  a  special  furnace  at  alxtut  2,650’'  (1 

It  is  sometimes  necessary,  in  the  case  of  very  pure  tungsten,  to  acUl  about  0.05  |irr  rriiL  of 
carbon  in  order  to  lower  the  melting  point.  Other  methods  for  producing  ductile  tungntrii  arc 
described  in  Section  LXXXII.,  p.  359. 

Properties  of  Metallic  Tungsten.— Cast  tungsten,  or  that  in  tlie  form 
of  powder,  has  properties  differing  widely  from  tliosc  td'  the  pun:  wrought  metal, 
such  as  is  used  in  the  manufacture  of  incandt^sctait  ckadric  lamp  filamonts  {sra* 
P-  357)*  powder  is  a  hard,  brittle,  (‘rystalline  suirstance  having  a  speedru:  gra\!ly 

of  16-17.  pure  metal  is  a  much  softer  and  tougher  mati*rial  which  imiy  l>e 

rolled  into  thin  sheets,  weldtal  at  a  yellow  heat,  and  drawn  into  ex*ccedinglv  tiiu' wire. 
It  has  a  molting  point  of  about  3,080“  C.,  and  a  spec'ific  gravity  of  18.K.  In  <*oniiiton 
with  most  metals,  its  tensile  strength  iiK'reases  with  the  thitmess  of  the  wlrr  tested 
'I'hus,  a  wire  5  mm.  in  diameter  has  a  tensile  strength  c^f  460,000  l!»s.  to  tlie  sipiarc* 
inch,  whilst  that  of  wire  of  1.2  mm.  in  diameter  is  580,000  Ihs.  per  .scpiarr  inc  h.  Air 
and  water,  at  ordinary  temperatures,  are  without  effect  on  metallic  tmtgslen,  hut  ai  a 
red  heat  the  metal  is  oxidised.  Molten  sulphur  and  f)hosphorus  attai’k  it  slowly, 
but  it  is  rapidly  converted  to  sulphide  or  phosphide  hy  ilwlv  vapcjur.  Vusvtl  nitrates, 
peroxides,  potassium  bisulphate,  alkali  carbonates,  and  (‘austit'  alkalis  readily  attack 
the  metal,  but  solutions  of  these  are  without  adion.  T!u‘  aula!  is  unatta<"ked  liy 
boiling  dilute  sulphuric  acid,  but  the  concentrated  acid  attacks  it  slowly.  Strtaig  or 
weak  hydrochloric  acid  has  no  a('tion  at  ordinary  Uanperatures,  hut  die  Mroiig  arid, 
at  the  boiling  point,  slowly  attacks  the  metal,  producing  a  black  coal  f»f  oxide. 
Concentrated  nitric  acid  or  hydrofluoric  acid  have  little  urihm  separately,  Imt  iht: 
metal  is  rapidly  attacked  by  a  mixture  of  tliese  two  luids. 

Utilisation  of  Metallic  Tungsten  and  its  Salts 

Tungsten  Steel. — About  90  per  ceut.  of  the  tung.stcm  prodiieeci  is  used  in 
the  manufacture  of  tung.sten  steel.  One  of  the  most  important  pr<»pcrti«-s  of 
tungsten  is  the  additional  hardness  and  toughness  which  a  small  of  it  is 
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Estimation  of  Tungsten  in  Minerals  and  Salts 

A  process  for  the  tletenuinution  of  tungsten  in  wttlfrainitc  will  stu'xc  fn  illustrate  the  methods 
employed  (Treadwell  and  Hall,  “Analytical  ('heinistry,"  \’ol.  II.,  p.  250K  About  1  g.  t»f  the 
extremely  finely  powdered  mineral  is  fused  with  4  g.  sotliuin  carbonate  in  a  platinum  crucible  for 
from  one-half  to  three-ipiarters  of  an  hour.  After  cooling,  the  melt  is  boiled  with  water  anti 
filtered.  The  residue  contains  iron,  manganese,  calcium,  anti  maguesiunu  and  sometimes  small 
amounts  of  nit>bic  and  tantalic  acids.  The  solulitui  contains  all  the  tungstit'  acid  and  silica,  'fhe 
aqueous  solution  of  the  alkali  tungstate  i.s  treated  vvith  an  etpial  vttlume  t»f  nitric  aeitl  and  boiled 
until  the  precipitate  becomes  a  pure  yellow.  After  the  pieeiptlate  has  settlcti,  the  supernatant 
litiuitl  is  decanted  through  a  filter  and  the  precipitate  washed  three  times,  hy  rku'antatitm,  with  a 
mixture  of  erpial  parts  of  nitric  acid  (sp.  gr.  1. 2)  and  water,  and  finally  upon  the  filter  until  tlie 
washings  leave  no  residue  when  evaporated  to  dryness  on  platinum  foil,  'fhen,  in  imler  to  renun’e 
nitric  acid,  the  precipitate  is  washed  twice  with  a  neutral  5  per  <'eiit.  solution  ol  ammonium 
nitrate.  By  this  means  the  greater  proportion  of  the  tungstic  aciii  will  he  in  the  piecipituic,  hut  a 
small  t|uantity  will  he  in  the  filtrate,  whicli  is  then  cvuporatetl  to  divness,  itu*  H’sitlue  moistenetl 
with  ammonia,  again  evaporated  to  dryness,  dissolved  in  as  little  watei  as  possible,  ami  ireateil 
vvith  an  eijual  volutne  of  concentrated  nitric  acid.  Alter  boiling  and  fdteiing,  the  pHndpitate  is 
washed  as  before.  The  two  precipitates  of  tungstic  acid  are*  dried,  ignited,  and  weighetl  as  impute 
tungstic  oxide  (W();,) ;  the  impuritic.s  present  being  usually  silii*a  utu!  stannic  o\itle.  Tt»  remove 
silica,  the  oxide  is  treated  with  hydrofluoric  anti  sulpimrir  acids,  ignitetl,  and  again  wrigheiL 
The  stannic  oxide  may  he  removed  by  Kaiiunelshorg’s  juetliotl  of  igniting  the  iesi<lue  with  pure 
dry  ammonium  ehloritle.  for  a  full  ureount  of  the  numerous  mcUhiHlsof  sepataltng  tunfyaen  from 
other  metals  see  “Treatise on  (Quantitative  Analysis,"  hy  j,  W.  Mellor  ( I .oiidon,  loi  jh  pp.  405  411. 

Tungsten  Bronzes.  These  salts  are  not  readily  d(>compMS('<l  !tv  aeitf.,  but  can  be  easily 
attacked  by  the  metluKl  of  Brunner  (A/.i/ai;.  /uricli,  loojh  Abmi!  n.  q  v.  of  lire  finely 

povvdered  hron/e  is  treated  in  a  ]»oirelaiii  enicihh’  with  2  g.  of  alkali  free'  ammonium  sulphatt* 
and  2  g.  of  coiuamtialed  sulphmie  acid,  and  cairlully  heafc’d  over  a  very  small  flame  until  vapours 
of  sulphuric  acid  begin  to  eseajjc.  After  a  part  of  the  ammoiuum  sulpliate  li.ts  been  volatilised,  tin* 
mass  is  allovverl  to  eon]  and  further  quantifies  t»f'  ammonium  stilpliaie  ami  siilphitne  ,i»  id  adiled. 
After  further  heating,  tlu*  mass  is  allowed  to  cool,  treated  wifli  water,  and  fraii-.iened  to  piircelaiu 
dish.  About  50  e.c.  of  mmeenlraied  nitric  acid  is  next  adtled  and  the  euntriti*.  itf  tin'  di-.h  ihi«eMed 
on  the  water  hath  for  three  or  four  lioiirs,  after  which  it  is  diluted  wuh  wafer  and  die  tunipfie  acid 
fiUered  off*,  'fhe  reiuaining  treatment  is  similar  to  tlrat  ahead)  ilrsrnbrtl  above. 
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The  first  operation  is  the  production  of  the  glass  bulb  which  is  to  enclose  the 
filament.  This  is  made  by  first  blowing  an  elongated  bulb,  which  is  given  the 
finished  shape  by  completing  the  blowing  in  a  metal  mould.  For  this  purpose 
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Fig.  I. — Stages  in  the  Manufacture  of  a  Carbon  Lamp. 

A  and  C  show  the  bulb  before  and  after  it  has  been  blown  in  the  mould.  B  and  D  represent 
the  tube  for  the  leading-in  wires  before  and  after  flanging.  The  filament  attached  to  the  leading-in 
tube  and  ready  for  sealing  into  the  bulb  is  shown  in  E.  The  lamp  ready  for  pumping  is  shown  in 
F,  whilst  G  represents  the  finished  lamp. 

the  best  flint  glass  containing  a  large  percentage  of  lead  is  usually  employed.  The 

shapes  thus  produced  are  shown  in  a  and  c  of  Fig.  i.  A  small  hole  is  next  blown 

in  the  bottom  of  the  bulb,  and  into  it  is  sealed  the  piece  of  glass  tubing  which  is 

required  for  use  in  the  final  operations  of  evacuating  and  sealing 

off  the  finished  lamp.  The  two  wires  which  in  the  finished  lamp  \  i 

will  convey  the  current  from  the  mains  to  the  filament  are  usually  \ 

made  in  three  sections  (see  Fig.  2).  The  first  section,  ab,  is 

made  of  copper  wire,  whilst  the  second  portion,  bc,  is  composed  f 

of  platinum  or  some  alloy  which  has  the  same  coefficient  of  expan-  I  i|  I 

sion  as  the  glass,  in  order  that  the  joint  between  glass  and  metal  _ b 

may  be  perfectly  gas-tight.  Alloys  used  for  this  purpose  include 

ferro-nickel  and  ‘‘platinoid”  (an  alloy  of  copper,  zinc,  tungsten,  _ 0 

and  nickel).  “  Partinium  ”  is  also  used,  and  consists  of  an  alloy  of  /  \ 
tungsten,  aluminium,  tin,  copper,  and  magnesium  (English  Patent,  /  \ 

21,573,  1895).  The  lower  section,  cd,  which  is  joined  to  the  I  \ 

filament,  is  often  composed  of  nickel.  \  ) 

These  wires  are  next  sealed  into  the  small  glass  tube  d  (Fig.  \wy 
i),  and  are  then  ready  to  be  attached  to  the  filament,  the  method  ^ 

of  making  which  will  be  described  later.  Several  processes  are  in  connections  be- 
use  for  attaching  the  finished  carbon  filaments  to  the  leading-in  tween  Filament 
wires,  the  method  selected  being  largely  dependent  upon  the  and  Leading-in 

amount  of  shock  which  the  lamp  will  have  to  withstand  in  use,  Wires, 

and  upon  the  strength  of  the  current  to  be  used  in  the  lamp. 

For  low  amperage  lamps,  the  joint  between  the  filament  and  wires  is  effected  by 
covering  the  junction  with  a  special  paste,  the  essential  constituents  of  which  are 
graphite  and  sugar.  When  an  extra  strong  joint  is  required,  the  filament  and 
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leading-in  wires  are  brought  into  close  contact,  immersed  in  a  liquid  hydrocarbon, 
usually  ligroin  or  benzene,  and  a  current  passed.  This  causes  a  small  arc  to  play 
across  the  gap  between  the  leading-in  wires  and  filament,  w'hich  decomposes  the 
hydrocarbon  and  forms  a  compact  deposit  of  carbon  around  the  joint.  The  filament 
and  its  holder  is  now  ready  for  sealing  into  its  bulb,  this  operation  being  now 
usually  done  by  machinery  in  most  modern  works.  The  lamp  is  now  ready  for 
exhausting,  or  “pumping,”  as  it  is  called  in  the  works.  This  operation  is  some¬ 
times  carried  out  in  two  stages,  the  bulk  of  the  air  being  removed  by  means  of  a 
pump,  and  the  evacuation  completed  by  means  of  a  Sprengel  or  similar  type  of  pump. 


Fig.  3. — Squirting  Carbon  Filaments. 


The  degree  of  evacuation  which  is  claimed  for  several  modern  types  of  pump  is  shown  in 
the  following  table  : — 

Table  XIX. 


Tump. 

Pressure  left 
in  Bulb. 

Mm. 

Geisler  -  -  -  - 

. 

- 

0.0085 

Sprengel  (five  tubes) 

- 

-  ' 

0.000006 

Geryk  (oil  pump)  - 

- 

- 

0.0002 

Topler  (new  type)  - 

■ 

" 

0.00009 

Carbon  filament  lamps  are  usually  evacuated  so  as  to  leave  a  pressure  of  about 
0.005  mm.  in  the  bulb,  and  when  the  process  is  finished,  the  glass  stem  is 
melted  and  the  tube  sealed  off  close  to  the  bulb.  It  next  has  its  candle  power 
tested  photometrically,  using  electric  lamp  standards  with  the  Lummer-Brodhun 
disc,  and  is  then  ready  for  fixing  into  its  metal  socket,  which  is  done  by  means  of 
a  special  paste  composition  consisting  largely  of  plaster  of  Paris,  together  with  a 
small  quantity  of  gum.  A  small  spot  of  solder  on  each  of  the  terminals  completes 
the  lamp.  The  above  is  a  very  brief  outline  of  the  general  method  of  manufacture 
employed ;  for  full  details  the  literature  mentioned  above  should  be  consulted. 

In  most  modern  works,  the  whole  of  the  above  series  of  operations,  with  one 
or  two  exceptions,  is  carried  out  by  machinery. 

Carbon  Filaments. — In  the  earlier  types  of  lamp  these  were  made  of 
carbonised  bamboo  or  cotton  fibre,  but  at  the  present  day  they  are  made  almost 
entirely  from  cotton  wool,  which  is  dissolved  in  a  strong  solution  of  zinc  chloride 
to  give  a  thick  syrupy  liquid.  This  dark  greenish  solution  is  squirted,  by  pressure, 
through  various-sized  nozzles  which  are  immersed  in  jars  of  methylated  spirit.  As 
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the  solution  is  forcud  from  the  jet,  the  cellulose  is  prtH'ipitatt'd  by  tiu‘  inethylated 
spirit,  and  so  forms  a  continuous  filament.  I'his  operation  is  shown  in  Kig.  3. 

The  gelatinous  filaments,  thus  produced,  are  removed  from  the  solution  and 
air<lried  on  frames.  When  dry,  the  filaments,  wliic'h  now  rt\st‘nibk‘  cat-gut,  aftt'r 
being  examined  for  defects,  are  passed  rept‘atedly  through  drawplates  until  they 
arc  reduced  to  the  recpiisite  standard  diametca*.  The  filaments  are  iU‘Xt  wound 
on  porcelain  or  metal  frames,  which  have  the  .same  shape*  as  it  is  dt‘siri‘d  to  givt* 
to  the  finished  filament,  immersed  in  graphite  <*ontained  in  criK'ibles,  and  raised  to 
about  2,000"  C.  'This  latter  process,  which  is  known  as  metallising*,'’  is  somtaiines 
repeated  after  the  filament  has  been  ‘flashed.’’  By  this  means  a  filament  of 
pure  carbon  of  the  desired  shape  is  obtained,  and  after  being  (*an‘fully  sortt*d,  tlu* 
selected  filaments  are  submitted  to  the  process  of  “flashing.’’  'This  consists  in 


electrically  healing  the  filament  to  bright  rednc‘ss  in  a  glass  jar,  having  in  it 
an  atmosphere  of  a  volatile  hydrcK'arb<»n,  such  as  lign»in  or  bi-n/mc,  until  it  lias 
attained  a  certain  rissi.stama*,  wh(*n  tin*  heating  cmricnt  is  automatically  cut  off. 
'The  operation  is  usually  condiu'ted  liy  ronsidc*rably  reducing  tiu*  pressure  of  air 
within  the  jar  and  th(‘n  admitting  a  d(*fmite  volume  of  the  iiydrocarbon  vapour. 
If  the  latter  were  used  at  atmosiiheric  pressure,  the  deposition  of  carbon  would  be 
rapid,  and  an  insufficiently  dense*  layer  would  result.  It  is  usual  to  t*mploy  a 
current  about  twice  as  great  as  that  whic*h  will  be  used  in  the  finished  lamp. 
This  process  t*ffe('ts  several  improvements  in  the  filaments,  amongst  wliidi  may 
be  m(‘ntioned“-(  r)  ('arbon  is  d(‘pt)sited  on  tin*  filament  in  a  hard,  lustrous  e<uidit!on, 
and  in  this  form  has  a  higli  light  emissive  power.  (2)  Any  small  ineipialities  in  the 
thickness  of  the  filament  are  levelled  up,  fieeause  the  i-arbon  is  drpositeti  least  on 
those  parts  of  the  filament  which  have  tlu*  k'ast  resistanee,  /.c.,  those*  wliicii  are 
thickest.  'Fhe  flashing  room  at  Messrs  Falison  ^  .Swan's  works  is  slicnvn  in  Fig.  .p 
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The  filaments  arc  next  graded  according  to  their  diameter  and  resistance,  and 
are  then  ready  for  attac'hing  to  the  leading-in  wires  by  one  of  the  processes  which 
have  been  already  described  (p.  352). 

Metallic  Filament  Lamps 

There  are  probably  few  articles  in  commerce  whose  introduction  created  such 
widespread  interest  and  demand  as  the  metal  filament  electric  glow  lamp. 

Briefly  summarised,  the  iiansition  from  the  carbon  filament  to  the  present-day  metal  filament 
lamp  was  as  follows  :  —The  carbon  filament  lamp  with  an  efficiency  of  3  watts  per  candle  power 
was  succeeded  in  turn  by  the  “metallised”  carbon  filament  having  an  efficiency  of  2.5  watts,  the 
lanlaUim  with  1.7  watts,  sciuirted  tungsten  requiring  1.25  watts,  and  the  ductile  or  drawn  tungsten 
lamp  consuming  i  watt  per  candle  power.  More  recently,  however,  the  nitrogen-filled  drawn 
tungsten  lamp  has  been  introduced,  and  has  an  efficiency  of  0.5  watt  per  candle  power  (see  p.  364). 

The  carbon  filament  lamp,  in  its  many  forms,  had  reigned  unchallenged  for  many  years  when 
the  first  metallic  filament  lamp  was  made  by  Welsbach  in  189S,  as  the  outcome  of  his  investigations 
on  the  use  of  metals  having  a  high  melting  point  as  incandescent  electric  illuminants.  It  is  rather 
interesting  to  note  that  the  man  who,  by  bis  invention  of  the  incandescent  mantle,  put  coal-gas 
lighting  on  a  competitive  basis  with  electricity,  should  indicate  the  lines  of  development  for  the 
electric  glow  lamp,  so  that  it  might  ettual  incandescent  gas  lighting  in  efficiency.  The  changes 
during  the  past  ten  years  in  the  method  of  manufacture  of  metal  filament  electric  lamps  have  been 
many  and  varied,  and  it  is  not  possible  to  giv(‘  here  a  full  account  of  these.  The  following 
summary  is,  therefore,  only  intended  to  indicate  briefly  the  more  important  stages  through  whicli 
Ihc  metal  filament  has  passed  in  order  to  attain  its  present  degree  of  efficiency. 

In  order  thtit  a  metal  may  be  suitable  for  use  as  a  filament  for  incandescent 
tdectric  lamps,  it  is  esstmlial  that  it  should  have  a  high  melting  point,  be  fairly 
ductile,  and  possess  a  low  vapour  ttaision  under  working  conditions,  whilst  its 
radiation  must  be  highly  stdeidive.  It  has  been  shown  by  C.  W.  \Vaidner  and 
(1.  K.  Burgess  {U.S.  Bureau  Standards,  1907,2,  319)  that  the  light  emitted  by 
an  incandescent  metal  varit‘s  as  the  twelfth  power  of  the  temjieraturiq  whilst  the 
energy  retjuirtal  varies  as  tlu'  fifth  power  of  the  temjieratiire.  It  is  seen,  thercifore, 
that  a  small  iiK'rease  in  tin;  working  temperature  of  the  filament  is  of  ('onsideralile 
advantage. 

The  melting  points  of  some  of  the  mcluls  which  have  been  suggested  or  used  as  filaments  are 
shown  in  the  following  table  :  •- 

Tantalum-  -  -  2,qio"('.  Molybdenum  -  -  2,450" 

Thorium  -  -  over  1,700"  C.  Zirconium  -  about  1,300"  C. 

Tungsten  -  -  -  3,080"  ('.  Titanium-  -  -  1,795"  C. 

Amongst  the  advantages  possessed  by  metal  filaments  over  those  of  ('arl)on  is 
that,  being  good  (‘ondtudors  of  tdtalricity,  their  resistancte  increases  with  temperature, 
whereas  with  carbon  filaments  incTcase  of  temperature  causes  a.  det'rease  of 
resistance,  as  the  substanext  is  a  ])oor  ('onductor  of  electricity.  For  this  reason, 
fluctuations  in  voltage  cause  smalltT  alterations  in  the  intensity  of  the  light  given 
by  a  metal  filament  than  would  be  the  case  if  a  carbon  filament  were  employed. 

''The  first  metal  filament  lamj)  (‘onstriuled  on  modern  lines  was  one  introdiu'ed 
by  Welsbach  in  1898,  the  filament  of  which  was  ('omposed  of  metallic  osmium,  one 
of  the  platinum  group  of  metals  (Fnglish  Patent,  7,2x0,  1900). 

This  lamp  had  many  disadvantages  besides  the  high  price  of  tlie  metal,  which  was  at  that  time 
about  ^100  per  lb.  The  lamps  had  to  be  burned  in  a  vertical  iwsition,  otherwise  the  filaments 
sagged  and  broke,  and  they  could  not  withstand  shock.  Low  voltage  lamps  only  could  be 
produced,  and  therefore  on  the  ordinary  ciicuit  .several  lamps  had  to  be  run  in  .series.  The  filaments 
were  first  made  by  heating  a  platinum  wire  in  an  atmosphere  containing  a  volatile  osmium  com¬ 
pound.  This  caused  the  deposition  of  metallic  osmium  on  the  wire  from  which  the  platinum  was 
subsequently  volatilised  by  increasing  the  temperature.  At  a  later  date,  filaments  were  also  made 
by  the  “squirting”  process,  and  a  lamp  having  a  filament  of  metallic  osmium  was  on  the  market, 
for  a  short  lime,  under  the  name  of  the  “Osmi”  lamp.  The  physical  properties  of  the  earlier 
types  of  osmium  filament  lamps  have  l)cen  described  by  F.  (b  Bailey  {Elect n'e tan,  1904,  52,  646). 
I'he  patent  literature  indicates  that  the  idea  of  using  osmium  as  a  filament  has  not  been  entirely 
abandoned  (see  United  States  Patents,  1,050,111,  1,109,886,  of  1914). 

After  Welsbach  had  thus  indicated  the  direction  in  which  improved  efficiency 
of  the  incandescent  electric  lamp  was  to  be  sought,  there  were  numerous  attemtps 
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to  utilise,  as  filaments,  other  metals  of  the  platinum  group,  either  alone  or  alloyed 
with  base  metals  in  order  to  reduce  the  tendency  towards  volatilisation.  After 
numerous  trials,  however,  the  metals  found  to  be  most  suitable  were  tantalum  and 
tungsten,  neither  of  which  is  a  member  of  the  platinum  group.  At  the  outset, 
considerable  difficulty  was  experienced  in  producing  filaments  of  sufficient  strength 
and  thinness,  and  it  was  soon  realised  that  the  filament  drawn  from  a  rod  of  ductile 

metal  had  many  advantages  over  one 
made  by  the  squirting  process,  as 
then  used  (see  pp.  353  and  358). 

The  Tantalum  Lamp.— The 

first  lamp  placed  on  the  market 
having  a  filament  of  drawn  wire  was 
the  tantalum  lamp,  which  was  intro¬ 
duced  in  1903  by  the  Siemens  & 
Halske  A.G.  of  Charlottenberg, 
Germany.  The  earlier  tantalum 
lamps  had  filaments  varying  in 
diameter  up  to  0.28  mm.,  but  with 
the  improvement  in  the  method  of 
making  the  metal  more  ductile,  it 
was  found  possible  to  make  wire 
having  a  diameter  of  less  than  0.02 
Fig.  5.  Fig.  6.— Meihod  of  Arranging  mm.  This  improvement  permitted 

“Spider.”  Continuous  Filament  on  “  Spider.”  Qf  the  production  of  lamps  suitable 

for  use  on  a  current  of  any  voltage 
commonly  employed,  but  led  to  a  difficulty  in  accommodating  a  long  length  of 
wire  within  a  bulb  of  such  a  size  as  would  be  practicable  to  use.  As  tantalum 
has  a  much  lower  specific  resistance  than  carbon,  tantalum  filaments  have  to  be 
two  and  a  half  times  the  length  and  one  quarter  the  diameter  of  carbon  filaments 
for  equal  voltage  and  candle  power.  Thus,  a  tantalum  filament  for  a  no  volt,  25 
candle  power  lamp  is  645  mm.  long  and  0.047  diameter,  whilst  a  carbon 

filament  for  a  lamp  of  similar  voltage  and  candle  power  would  be  about  250  mm. 


Fig.  7- — Variation  of  Luminosity  of  the  Tantalum  Lamp. 


long  and  0.18  mm.  in  diameter.  The  fact  that  the  working  temperature  of  the 
tantalum  filament  was  very  near  to  its  softening  point  precluded  the  use  of  the 
double  loop  sometimes  employed  in  carbon  filament  lamps,  but  this  difficulty  was 
surmounted  by  the  invention  of  the  “Spider”  shown  in  Fig.  5  (German  Patent, 
i53j328).  The  method  of  arranging  the  filament  in  zigzag  fashion  on  the  spider,  as 
shown  in  Fig.  6,  permits  of  the  lamp  being  burned  in  any  position. 

Tantalum  lamps  have  an  initial  efficiency  of  about  1.5  watts  per  (Hefner)  candle 
power,  the  light  intensity  increasing  slightly  during  the  first  fifty  hours  of  use,  and 
then  decreasing  slowly  (see  Fig.  7).  The  consumption  of  current  per  candle  power 
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by  a  “squirting”  process,  similar  to  that  employed  in  the  manufacture  of  carbon 
filaments,  or  by  producing  a  coating  of  tungsten  on  a  core  of  carbon  or  other 
refractory  substance. 

The  many  processes  which  have  been  employed  up  to  the  present  day  may 
be  roughly  classified  into  those  involving — (i)  Substitution.  (2)  Amalgamation. 
(3)  Squirting  a  paste  containing  tungsten  powder.  (4)  Squirting  colloidal  tungsten. 
(5)  Drawn  wire.  (6)  Alloy  processes. 

In  the  first-mentioned  method,  wTich  is  covered  by  French  Patent,  347,661,  of 
1904;  English  Patent,  11,949,  of  1905;  German  Patent,  184,379,  of  1905,  metallic 
tungsten  powder  is  mixed  with  an  organic  binding  material,  such  as  gum,  and 
squirted  into  filaments.  The  carbon  is  eliminated  by  placing  the  filaments  in  an 
atmosphere  containing  a  volatile  compound  of  tungsten,  such  as  the  oxychloride, 
and  a  small  quantity  of  hydrogen.  When  the  filament  is  heated  to  redness  by  the 
passage  of  an  electric  current,  tungsten  is  substituted  for  carbon. 

A  typical  example  of  the  second  class  of  process  is  one  patented  by  the  General 


Fig.  9. — Tantalum  Filament  Fig.  10. — Tantalum  Filament 

{a)  before  and  {b)  after  Use  after  Use  on  Alternating 

on  Direct  Current  Circuit.  Current  Circuit. 


Electric  Company  of  the  United  States.  The  method  consists  in  mixing  metallic 
tungsten  powder  with  an  amalgam  containing  equal  amounts  of  cadmium  and 
mercury,  and  squirting  the  mixture  through  a  die  in  the  usual  way.  The  cadmium 
and  mercury  in  the  filament,  thus  produced,  are  subsequently  volatilised  by  heat, 
and  the  filament  remaining  has  the  usual  brittleness, 'but  it  is  claimed  that  after 
moderate  heating  it  becomes  pliable  and  can  be  bent  to  any  desired  shape  (see 
English  Patents,  18,745  and  18,748,  of  1906,  and  5,576,  of  1907). 

In  the  third  type  of  process,  as  in  the  other  classes,  numerous  modifications 
have  been  employed.  Thus  the  binder  may  be  one  which,  on  heating,  leaves 
a  carbonaceous  residue,  e.g,,  gum,  sugar,  gelatine,  or  nitro-cellulose  dissolved  in 
amyl  acetate.  On  the  other  hand,  it  may  consist  of  some  substance  which,  although 
acting  as  a  binding  agent  at  ordinary  temperatures,  is  volatilised,  on  heating,  without 
carbonising.  Examples  of  this  class  of  binder  are  paraffin  wax,  camphor,  and  pinenc 
hydrochloride.  Binders  of  this  class  are  employed  in  the  paste  process  patented 
by  Just,  in  which  filaments  are  made  by  mixing  a  noncarbonising  binding  agent 
with  a  compound  of  tungsten  which  is  reducible  by  hydrogen.  After  pressing  and 
drying,  the  filaments  are  reduced  in  hydrogen  at  such  a  temperature  that  the 
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described  on  p,  348 ;  the  actual  details  of  the  various  operations  are  not  disclosed 
by  those  working  the  patents.  The  following  description,  from  La  Tech7iique 
Moderne^  1914?  6,  193,  through  the  Electrical  Review^  1914?  74>  595j  gives  an 
account  of  the  essential  details  of  the  process. 

Pure  metallic  tungsten  is  very  fragile  at  forging  temperature,  but  at  a  white 
heat  it  can  be  hammered,  rolled,  or  drawn,  and  so  be  rendered  malleable.  In 
order  to  obtain  the  metal  in  this  condition,  it  must  be  free  from  oxide,  iron,  nickel, 
and  contain  only  traces  of  sulphur,  phosphorus,  antimony,  arsenic,  selenium,  or 
tellurium,  whilst  the  carbon  content  must  not  exceed  0.05  per  cent.  The  heating 
must  be  performed  very  gradually,  and  it  is  necessary  to  protect  the  metal  from 
contact  with  air  during  the  various  stages  of  its  manufacture.  The  operations  may 
be  roughly  divided  into  six  sections. 

I.  The  Production  of  Pure  Metallic  Tungste^i. — This  is  effected  by  heating 
pure  tungstic  oxide,  prepared  by  one  of  the  methods  already  described  (see  p.  346), 
in  a  current  of  pure  hydrogen  at  a  temperature  of  about 
1,000*"  C. 

2.  Agglomeration  of  the  Tungsten  Powder  into  Bars, — 
This  is  effected  by  means  of  a  hydraulic  press,  exerting  a 
pressure  of  about  5,000  kilos  per  square  centimetre  (see  Fig. 
ii).  The  bars,  which  are  about  130  mm.  long  and  4  mm. 
thick,  are  exceedingly  fragile,  and  their  formation  requires  con¬ 
siderable  skill.  The  powder  used  in  this  process  should  be 
of  medium  fineness ;  if  it  is  too  fine  or  too  coarse,  the  bars 
readily  crumble  after  compression. 

'  3.  Consolidation  of  the  Compressed  Bars, — The  bar,  as  it 
leaves  the  hydraulic  press,  is  very  fragile,  and  will  break  if  laid 
on  an  uneven  surface.  It  is  given  the  desired  firmness  by 
heating  for  about  one  hour  in  a  current  of  hydrogen  in  a 
tubular  furnace,  the  temperature  being  slowly  increased  to 
full  redness.  The  temperature  is  then  very  slowly  raised  to 
slightly  above  1,000*"  C. 

4.  The  Burning  of  the  Bars, — The  burning  process  is 
intended  to  create  an  intimate  union  between  the  minute 
crystals  of  tungsten,  of  which  the  bar  is  now  composed. 
The  operation  must  be  carried  out  slowly  and  cautiously,  as 
the  quality  of  the  filaments  depends  largely  upon  the  success 
of  this  operation.  The  bars  are  heated  to  a  temperature  of 
about  2,850*"  C.  (near  the  melting  point  of  tungsten)  in  a 
special  furnace  shown  in  Fig.  12, 

Furnace.  Xhe  casing  of  the  furnace,  which  is  of  cast  iron  coated  inside  with 

graphite,  is  provided  with  small  tubes  /  and  m  for  the  admission  and 
discharge  of  hydrogen.  The  wall  a  of  the  furnace  is  removable,  and  is 
^rormally  attached  with  screws  and  wing  nuts.  The  opposite  wall  has  two  windows  b  and  r, 
which  permit  the  operation  to  be  watched.  The  copper  electrodes  d  and  e  are  water  cooled,  the 
lower  one  being  fixed  whilst  the  upper  one  is  suspended  by  a  counterpoise  and  carries  a  bell 
which  is  immersed  in  a  cylinder  k  filled  with  mercury.  The  bar  to  be  treated  is  attached  to  the 
electrodes  by  spring  grips,  the  furnace  closed,  filled  with  hydrogen  and,  as  soon  as  all  oxygen  is 
removed,  the  heating  current  is  turned  on.  The  contraction  of  the  bar  during  this  heating  amounts 
to  about  14  per  cent.  In  order  to  obtain  a  temperature  of  2,650°  C.  a  current  of  about  53  amperes 
per  square  millimetre  is  required  for  bars  having  a  cross-sectional  area  of  16-20  sq.  mm.,  whilst 
57  amperes  are  required  for  a  temperature  of  2,730°  C.  with  bars  of  similar  size. 

5.  Working  the  Bars  by  Hammering  and  Rolling. — The  sintered  bars,  as 
obtained  by  the  last  process,  are  still  brittle  enough  to  break  if  dropped  from  a 
height  of  30-40  cm.,  and  now  require  to  be  worked  at  a  temperature  of 
1, 200*"- 1, 300*“  C.,  but  as  they  oxidise  very  rapidly  in  air  at  this  temperature, 
it  is  necessary  to  carry  out  the  hammering  or  rolling,  as  far  as  it  is  possible,  in 
a  current  of  hydrogen.  The  machine  used  for  this  purpose  is  illustrated  in 
Figs.  13,  14,  and  15. 
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The  dies  b  have  on  their  interior  surface  a  tapering  groove  of  the  same  size  as  the  bar  ;  they  are 
mounted  with  the  hammer  c  in  a  recess  in  the  hollow  shaft  a.  The  hammers,  which  have  rounded 
external  ends,  are  carried  by  the  rotation  of  the  shaft  in  front  of  the  rollers  r,  which  are  arranged 
in  a  ring.  The  rapid  revolution  of  the  shaft  causes  the  hammers  to  be  driven  outwards  by  centrifugal 
force,  but  they  are  thrown  inwards  as  they  come  into  contact  with  each  roller  and  transmit  the 
blows  to  the  dies.  When  the  shaft  is  rotating  at  about  400  revs,  per  minute,  the  hammers  give 


Fig.  13. — Section  Fig,  14. — View  with  Fig.  15. — Complete 

onA.B.  Cover  Removed.  Machine. 


about  4,000  blows  per  minute,  and  these  arc  distributed  regularly  over  the  surface  of  the  bar.  The 
latter,  after  being  heated  to  1,300°  C.  in  an  atmosphere  of  hydrogen,  is  quickly  thrust  into  the 
machine,  whilst  a  continuous  supply  of  hydrogen  is  led  in  at  d  in  order  to  prevent  oxidation  of 
the  metal  during  the  hammering.  The  diameter  of  the  bar  can  be  reduced  about  4  per  cent,  at  each 
treatment  in  the  machine,  so  that  in  order  to  obtain  a  wire  i  mm.  in  diameter  from  a  bar  6  mm. 
square  about  fifty  treatments  are  necessary.  Every  tliird  time  that  the  bar  passes  thr<uigh  the 
machine  the  dies  are  replaced  by  others  havig  an  smaller  diameter.  When  the  wire  has  been 
reduced  to  a  diameter  of  0.75  mm.  the  metal 
has  become  so  ductile  that  it  can  be  bent  and 
worked  at  ordinary  temperatures. 

6.  Drawing  the  Bars  into  Wire. — 

Although  the  drawing  might  be  per¬ 
formed  at  ordinary  temperatures,  the 
operation  is  considerably  facilitated  by 
heating  the  drawplate,  the  arrangement 
used  being  shown  in  Fig.  16. 


The  drawplate  a  consists  of  a  cylindrical 
block  in  which  the  diamond  is  fixed  in  the  usual 
way.  Lighting  gas  is  brought  by  the  pipe  c 
to  a  burner  e,  which  is  arranged  so  as  to  direct 
its  flames  upon  the  periphery  of  the  plate. 
Before  entering  the  die,  the  wire  passes  through 
a  cylindrical  tube,  which  is  also  heated.  The 
ployed  in  the  drawing  of  steel  wire. 


t  f 

I 

Fig.  16. — Heated  Drawplate. 
draw  tongs  b  are  similar  to  those  usually  em 


The  drawplate  is  lubricated  with  a  mixture  of  deflocciilated  graphite  and  water. 
In  order  to  point  the  ends  of  the  wires,  so  as  to  enable  them  to  enter  the  die,  they 
are  either  plunged  into  melted  potassium  nitrate  or,  if  they  are  already  thin,  they  are 
immersed  in  a  solution  of  potassium  cyanide  and  made  the  anodes  of  an  electric 
circuit.  The  successive  dies  employed  differ  very  little  in  diameter,  thus,  starting 
with  a  wire,  0.65  mm.  diameter,  they  decrease  by  about  0.0125  mm.  as  far  as 
0.35  mm.,  and  from  this  size  to  o.i  mm.  the  interval  is  0.0065  mm.  From  o.i- 
0.075  is  0.03  mm.  From  0.075-0.0375  mm.  it  is  0.0025  ^tid  finally 

from  0.0375-0.025  mm.,  and  below  it  becomes  0.00125  mm.  Thus  about  100 
dies  are  necessary.  During  the  reducing  of  the  wire  from  0.65-0.45  mm.  the 
temperature  is  maintained  at  6oo°-65o°  C.,  whilst  from  0.45-0.25  mm.  it  is 
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500°  C.,  whilst  for  smaller  diameters  a  temperature  of  about  400  C.  is  used. 
The  wire  thus  obtained  is  coloured  blue-black  by  graphite  and  a  small  amount  of 
oxide,  and  is  cleaned  by  being  electrically  heated  to  a  dull  red  whilst  passing  it 
through  a  glass  tube  containing  hydrogen. 

According  to  English  Patent,  21,513,  of  1906,  the  tungsten  wire,  during  the  drawing  operations, 
may  be  protected  from  oxidation  by  having  a  coating  of  some  ductile  metal  such  as  gold,  silver, 
or  copper  deposited  on  it. 

At  the  present  time,  numerous  firms  are  making  lamps  having  filaments  of  drawn 
tungsten  made  under  licence  from  the  patentees.  As  would  be  expected,  the 
drawn  tungsten  filament  has  proved  considerably  stronger  in  use  than  those  made 
by  squirting  a  paste  consisting  of  a  tungsten  powder  and  a  binder,  and  they  have 
also  the  advantage  of  simplifying  the  manufacture  of  the  lamp,  as  no  joining  of 
short  lengths  of  filament  is  necessary. 

With  pure  tungsten  filaments,  no  matter  by  what  process  they  are  made,  a  very 
serious  defect  often  manifests  itself  after  they  have  been  in  use  for  a  short  time. 
This  defect  is  crystallisation,  which  is  the  result  of  the  tungsten  reverting  to  its  original 
hard,  brittle  condition,  and  shows  itself  by  irregular  thickenings  of  the  filament. 


Fig.  17. — Squirted  Tungsten-Thorium  Fila-  Fig.  18. — Squirted  Tungsten  Filament  after 

ment  after  1,000  Hours  on  Alternating  i,ooo  Hours  on  Alternating  Current. 

Current. 


According  to  A.  Lederer  [Elec.  Journ.,  1913,  lO,  1175),  these  thickenings  occur  in  a 
longitudinal  direction  w'hen  a  direct  current  is  used,  but  if  an  alternating  current  is  employed, 
a  sort  of  sliding  motion  occurs  between  adjacent  portions  of  the  filament,  which  eventually  results 
in  fracture.  Crystallisation  of  the  filament  and  subsequent  volatilisation  is  also  stated  to  be  one 
of  the  most  important  causes  of  the  blackening  of  the  bulb,  which  often  occurs  after  the  lamp  has 
been  in  use  for  some  little  time. 


These  defects  can  be  obviated,  to  a  large  extent,  by  using,  in  place  of  tungsten, 
an  alloy  of  this  metal  with  certain  of  the  rare  earth  metals  (see  below). 

Tung'sten  Alloy  Filaments. — Numerous  processes  have  been  patented  in 
w^hich  alloys  of  tungsten  have  been  suggested  for  use  at  some  stage  in  the 
manufacture  of  the  filaments. 

The  processes  may  be  roughly  divided  into  two  classes : — 

1.  Those  in  which  the  finished  filament  consists  of  tungsten  alloyed  with 

some  other  metal. 

2.  Those  in  which  an  alloy  of  tungsten  is  produced  at  a  certain  stage  in 

the  manufacture,  but  the  finished  filament  consists  only  of  pure  tungsten. 

At  the  present  time,  the  only  process  belonging  to  the  first  group  which  calls 
for  notice  is  that  in  which  an  alloy  of  tungsten  and  thorium  is  used.  The  process, 
which  is  covered  by  Austrian  Patent,  No.  41,247,  of  1906,  consists  in  producing 
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It  is  very  essential  that  all  the  small  loops  which  ^o  U>  make*  up  a  distanitinuous 
filament,  i.e.,  one  which  is  not  made  from  oiu*  piet'c  of  wiri‘,  should  he  of  the 
same  cross-sectional  area  and  resistaiu'e,  otluTwise  die  lift*  of  the  lamp  will  suffer. 
In  some  works  it  is  (Uistomary  to  at'tually  weigh  ea<'li  section  of  filament  on  an 
extremely  sensitive  halani'c.  In  tlu^  case  of  a  lamp  having  a  filamc'nt  of  drawn  wire, 
it  is  very  essential  that  tliis  should  1k‘  of  uniform  <.lianu‘ter. 

As  many  of  tlu*  details  in  t'onnei'lion  with  tlu‘  finishing  and  mounting  of  the 
metallic'  filaments  are  trade  secrets  they  c'annot  he  given  here,  hut  the  following  is 
a  brief  general  ac't'ount  of  I'ertain  portions  of  the  process, 

d'he  central  ‘‘spider”  upon  whic'h  the  filament  is  to  he  wound  is  prodiu'cd  liy 
moulding  a  glass  rod  to  the  desirtal  sha])e,  and  tluai  fixing  tlu‘  supporting  metal 
hooks  by  hand.  It  is  usual  to  rnakt*  tlu'  upper  and  lower  si*ries  of  hooks  of 
different  iiuaals,  that  used  for  the  upper  serit's  being  selecttal  for  its  rigidity,  whilst 
a  more  t'lastic  material  is  used  for  the  lower  staies.  A  very  friHiiuait  arrangmuent 
is  to  make  the  u])per  row  of  fairly  stout  nickel  wirt*,  wliilst  the  lower  supports  art' 
made  of  molybdenum  or  an  alloy  of  nic'kel  witli  tungsten  or  molybdenum.  'This 
arrangement  gives  a  fairly  wide  range  of  elasticity,  and  thus  allows  for  tlu'  expansion 
and  eontrac'tion  of  the  filament  which  ocH'urs  in  ustx  In  some  cast's  the  lU't'essary 
elasticity  is  attained  by  the  use  of  thin  coppt'r  wire  coiled  in  helit'al  form  in  plat'e 
of  the  lower  series  of  hooks,  'flu'  aetual  shapes  of  the  hooks  used  exhif)it  wide 
variations;  thus,  if  eontimious  filaments  art*  ustal,  tlu'  support  consists  of  a  straight 
wire  with  a  small  ttaminal  hook  or  loop;  but  if  a  dist'ontiniums  filament  Ini 
t'lnployed,  the  individual  loops  rt'tjuirt?  to  bt'  st'parately  fixetl  to  tlie  wires  of  the 
“spider,”  and  this  has  to  be  done  t'ither  by  u.sing  a  tungsten  soUUt  or  by  employing 
a  “  pineht'd  ”  joint. 

'fhe  filament  is  usually  wound  very  loosely  on  to  the  “spider,”  in  order  to 
allow  for  the  ])ermanent  contraction  which  occurs  when  a  current  is  passed  through 
the  wire ;  and  a  current  is  then  sent  through  it  for  a  few  seconds  in  order  to  test  the 
work. 

'I'he  ('onne(!tion  between  the  leading-in  wires  and  the  metal  filament  is  made  in 
three  sections,  as  mentioned  under  carlion  filament  lamps  (see  p.  352). 

'fhe  filament  and  spider  is  sealed  into  the  bulb  in  tlu'  usual  manner,  Imt  in 
ordcT  to  remove  from  the  lattt*r  all  traces  of  moisture',  which  is  staled  tei  bt!  one  of 
the  ('aust's  of  blat'kt'ning,  a  small  cpiantity  of  somt'  phosphorus  t'ompound  is  paintt'd 
upon  tlu'  stem.  For  this  puriK)St!  a  solution  of  red  phosphorus  in  alt'ohol  and 
etluT  is  oflt'n  employt'd.  Owing  to  tlu'  high  tempt'ralure  employed  in  llu'  final 
t'vat'uation,  tlu*  phos[>horus  is  t'omplOely  volatilised.  'Fiu'  n'lnoval  of  the  air  from 
metallit'  filanu'iit  lamps  re([uiri'S  to  bt‘  mort*  thorouglily  ('arriixi  tail  than  is 
necessary  in  the  east*  of  thost*  having  ('arl)on  filanuiUs,  anti  is  usually  pcrformetl 
liy  nu'uns  oftaie  of  tlu*  modt'rn  types  of  pump  nuaitioiu'd  <>n  p.  353. 

In  somt!  works  it  is  t'uslomary  to  pt'rftam  tin*  tinal  evacuation  of  the  lamps  at 
a  temperaturt'  of  200"  300"  ('.  'riu*  t'vat'ualed  lamp  is  affixed  toils  metal  savkvi, 
and  testi'd  in  tlu*  sanu'  way  as  lias  btaai  deseriljcd  already  for  the  (xirbon  filament 
lan^p  (see  p.  353). 

Idle  last  tlirt'c  slagt's  in  the  manufadurt'  of  a  mt'lal  filainiiit  lamp  art*  .shtiwn  in 
Fig.  19,  B,  c,  and  n). 

Nitrogen-filled  Lamps.— Ouring  tin*  past  two  yt'ars  an  intt'rrsting  tltwelop* 
ment  has  taken  plaet*  in  the  maiuifat'turt*  t)f  high  effieit'iiey  eict*triea!  illuminants, 
by  the  introduction  of  a  glow  lamp  having  a  timgstt*n  filament  not  ciu'losta!  in  an 
evacuated  globe,  but  in  tau*  which  et attains  a  t|uantity  td  an  int*rt  gas,  the  pressure: 
of  whieh  at  wtaking  temperatures  is  alanit  e{|ual  to  that  of  the  atmosphert*. 

The  inventitat  appears  to  have*  iKsai  at  first  amaaineet!  in  a  paper  !»y 
I.  Langmuir  and  J.  A,  Orangt*  (/Ven  Amrr.  Jusi.  Eh,  /f///.,  ipiji  p»  19? 5)- 
Tliese  workers,  whilst  invt'sligating  the*  causes  of  tlic  blackt'iiing  of  nu'tallic 
filament  lamp.s,  found  that  this  defect,  which  is  largely  dm*  lo  volaiilisadtai  of  the 
filament,  wa.s  considerably  minimised  fjy  intrcaluring  an  inert  gas  into  the  Inilla 
The  gas  found  to  he  most  suitalde  was  nitrogen,  as  thi:  loss  of  lieat  liy  eonvettion 
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'Tablk  XXL 


('OST  TKR  1,000  LaM!‘S 


Material-.. 

Wages. 

,  Pu'cakages. 

Shillings. 

Shillings. 

Shillings. 

Bulb  ..... 

37-1 

4.5 

,  0.63 

Crown 

4.9 

052 

0,32 

IClectrodcs  .... 

28.0 

2.25 

0.  20 

Stem  ..... 

4t-3 

.  7-2 

'  0.49 

Star  -  -  '  -  ~  , 

26.3 

KviS 

Attachment  .... 

133*0  1 

\  32.10 

Melting-on  .... 

37*1  1 

1  9*7 

LS.N5 

Pumping  .... 

1 1.8 

18,7 

Flashing  ...  .  ^ 

1  0.6  i 

1.96 

4.70 

Adjustment  and  completion  -  ^ 

21. 8 

1  9-3.S 

().  C)0 

261.0 

1  8  5  •  c> 

.S3*t> 

In  the  above  table  no  allowance  i.s  made  for  the  cost  of  gas,  electric  current,  standing  charges, 
and  unproductive  labour. 

The  Efficiency  of  Metallic  Filament  Lamps.- “It  is  fraincntly  stated 
thtil  the  drawn  wire  tungsten  filament  lamp  has  an  efficiency  of  i  watt  per  Lnglish 
candle  power,  with  an  average  useful  life  of  at  least  1,000  hours.  Hut  ata'ording  to 
statements  by  the  makers,  it  would  appear  that  this  t‘ffit*ien<'y  is  rarely  reaclual 
under  ordinary  (‘onditions  of  working,  especially  in  the  (’ase  of  the  smaller  candle 
power  lam])s.  An  average  figure  would  appear  to  l)e  between  1. 1  and  1.25  watts  per 
<aandle  power.  The  useful  life  of  an  electric  glow  lamp  is  defined  as  the  tinu*  taken 
for  the  mean  horizontal  candle  power  of  the  lamp  to  decrca.se  20  per  cent,  from 
its  standard  value,  when  run  under  standard  conditions. 

'The  characteristics  of  the  various  types  of  incandest'cnt  electric  glow  lamps  are 
shown  in  the  following  tal)k‘ 

dACLK  XX 11. 


Mateiial. 

;  Watts  per 
!  Hefner  ’ 

('aiullc'  Power. 

Hefner 

'  (  andle  P<twer 
per  Sij.  M  m. 

<  if  Sm  (ace. 

I'emperalme 

of 

Int'andcM'enee. 

'  Katin  nf 

Hnt  tn  <  ‘nid 
UfsistaiU'e. 

('arbon 

'  3.5  ! 

0. 151. 

i,Sgo  C. 

i».5 

Osmium  - 

1.5 

‘>-3.H 

1,000'  ( *. 

8.c)^ 

Tantalum  - 

1  1.6 

o.3<7 

1 ,7tK/'  t 

{>.07 

Tungsten 

'  OLs 

0..14I 

2,150  ( 

1  2.  1  2 

The  u  eof  numerous  other  metals  an  nuiullie  til.mu’nis  !ia%  bmi  p.ifeuted.  Thtis,  Kellner,  in 
addiiiun  m  lungsten,  suggestetl  tboriuin,  titanium,  ami  elmmiiuiu  (Lnglish  I’attait,  01,785,  ♦«!  iK<)Sb 
whilst  the  use  nf  ruetalUc  vanadium  t>r  ninbium  i-.  e(i\efe<l  !»}•  l’!ngli>l»  I’atent  12.150,  12,157,  and 
12,159,  of  0)02.  Carbides  n{  errtaiu  metals  have  aKu  breti  . uggi-sted,  sueli  as  vanadium  eai bide 
(Knglish  Patent,  O), 264,  (T  0)05),  eerimn  earlmle,  titanium  (uibule  (sri*  p.  52S).  atid  /irronittm 
carbide  (sec  p.  ^34).  I'erimu  nioide  is  mentioned  iii  Liiglisfi  Patent,  uio.  <4  Otnd.  XurneoniH 
attempts  have  i»cetj  made  to  utilise  silieon  as  a  filament.  In  ont*  ol  these  {h'ivut  li  Patents,  446,140 
and  446,310,  of  1CU3)  earbnrutulum  is  used  as  the  stalling  point.  The  use  «4  metallie  matnum  is 
mentif)iic«l  in  Unildl  States  Patent,  i,o>6,3iS4,  nf  0114,  and  eobali  in  loetu-li  Patent,  46oaw)3, 
p»f  1913. 

PATIvN'L  IdTERAd'URb: 

A  large  numher  of  pat<mt.s  di-aling  witli  the  m.inuf.ictme  «•{  ineandrsi'ent  «:leeiue  lamps  have 
been  granted  in  many  eouniries  dming  the  p.tsf  few  years,  and  if  i.  not  posable  |u  give  a  eoinplcte 
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During  1913,  it  was  announced  b}^  the  General  Electric  Company,  the  British  Thomson  Houston 
Company,  and  Siemens  Bros.  Dynamo  Works,  all  of  London,  that  they  had  arranged  to  licence 
each  other  to  operate  all  patents  which  they  then  held  individually.  The  principal  of  these  patents 
are  stated  to  be  as  follows  : — 

English  Patents,  Nos.  27,712,  of  1903:20,277,  23,899,  27,713,  27,714,  of  1904;  19,379,  20,173, 
23,437,  of  1905;  3,213,  6,803,  12,325,  21,513,  23,335,  18,622,  of  1906;  3,174,  8,563,  16,503, 
16,530,  16,531,  of  1907;  5,387,  8,421,  17,350,  19,932,  of  190S;  23,499,  of  1909;  2,759,  8,031, 
15,621,23,121,  24,549,  of  1910;  i,i6i,  1,162,  8,004,  17,722,20,224,  20,380,  27,360,  28,576,  of 
1911  ;  873,  874,  2,284,  3,840,  11,439,  of  1912. 

It  is  understood  that  a  large  number  of  the  other  makers  in  the  United  Kingdom  are  also 
working  these  patents  under  licence. 

Acknowledg’ments. — Thanks  are  due  to  the  Edison  &  Swan  United  Electric  Light 
Company,  of  Ponders  End;  Messrs  Siemens  Bros.,  of  Dalston,  London,  N.Pb  ;  and  the 
Brimsdown  Lamp  Company,  of  Brimsdown,  Middlesex,  for  information  concerning  the  method 
of  manufacture  of  inv-andescent  electric  lamps,  and  to  the  first-mentioned  company  also  for  the  loan 
of  certain  of  the  blocks  illustrating  this  chapter. 
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URANIUM 

By  Sydney  J.  Johnstone,  B.Sc.  (Loud.) 
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Although  uranium  cannot  be  classed  amongst  the  rare  earths,  its  intimate 
association,  in  the  mineral  form,  with  radium  renders  a  brief  account  of  its 
occurrence  and  properties  desirable.  More  important  still,  perhaps,  is  the  fact 
that  the  uranium  content  of  an  ore  is  often  a  fairly  accurate  measure  of  the  quantity 
of  radium  present.  Besides  radium,  most  uranium  ores  carry  other  radioactive 
matter,  such  as  actinium,  polonium,  and  ionium. 

Natural  Occurrence 

Uranium  oxide  was  first  isolated  by  Klaproth  in  the  year  1789  from  the  mineral? 
pitchblende.  The  metal  itself  w^as  first  obtained  by  Pdligot  in  1842.  Combined 
with  other  elements,  uranium  has  been  found  in  a  large  number  of  minerals  ;  the 
majority  of  these,  however,  are  of  somewhat  infrequent  occurrence.  A  fairly 
complete  list  of  these  minerals  is  given  in  U.S.  Bitr.  Mines,  Bull.  70,  p.  92. 
Amongst  the  more  important  uranium  minerals  may  be  mentioned  pitchblende 
or  uraninite,  carnotite,  and  autunite.  The  less  frequent  minerals,  thorite 
and  thorianite,  have  already  been  described  under  Thorium  (see  p.  296). 

Small  quantities  of  uranium  oxide  are  found  in  most  of  the  minerals  which 
contain  phosphates  and  silicates  of  the  rare  earths,  e.g.,  xenotime,  columbite, 
cerite,  and  monazite. 

Pitchblende,  which  was  for  some  years  the  most  important  uranium 
mineral,  consists  essentially  of  uranium  oxide,  together  with  varying  amounts 
of  rare  earths,  lead,  lime,  bismuth,  etc.  The  mineral  is  sometimes  found  in 
octahedral  crystals,  but  more  commonly  occurs  massive.  It  varies  in  colour  from 
greyish  to  dark  green,  brown,  and  black,  having  a  conch oidal  fracture,  and  a 
submetallic  lustre.  The  specific  gravity  varies  from  6.4-9. 7,  the  hardness  is 
usually  about  5.5.  Clevite  and  brdg’gerite  are  the  names  applied  to  certain 
varieties  of  pitchblende  rich  in  the  rare  earths. 

Carnotite. — This  promises  to  become  in  the  future  the  largest  source  of 
uranium,  and  consequently  of  radium.  Chemically,  the  mineral  is  a  vanadate  of 
uranium  and  potassium,  sometimes  containing  small  quantities  of  calcium,  barium, 
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and  iron.  The  mineral  usually  occurs  in  the  form  of  very  minute  crystals,  of  a 
canary-yellow  colour,  as  incrustations  on  certain  other  minerals.  This  mineral  is 
also  valuable  for  its  vanadium  content. 

Autunite. — Anhydrous  phosphate  of  calcium  and  uranium,  with  the  formula 
Ca(U0.9)9(P04)28HoO.  It  is  a  bright  yellow  mineral,  often  crystallising  in  ortho¬ 
rhombic  ^plates,  having  a  specific  gravity  of  3. 5-3.9.  It  is  sometimes  termed 
uranium  mica. 


Geographical  Distribution  of  Uranium  Ores 

The  most  celebrated  deposits  of  Pitchblende  occur  in  Austria, _  at 
Joachimsthal,  where  the  mines  have  been  worked  since  1517  for  various 
minerals,  including  silver  and  bismuth.  It  is  only  during  the  last  ten  years, 
however,  that  they  have  been  extensively  worked  for  uranium.  At  the  present 
time,  the  mines  are  worked  by  the  Austrian  Government  for  uranium  and  radium, 
the  export  of  the  latter  substance  from  Austria  being  prohibited.  An  account  of 
these  deposits  is  given  by  R.  Beck  (see  above).  In  Saxony,  the  mineral  occurs  at 
Johanngeorgenstadt,  Marienburg,  Freiburg,  and  Schneeburg,  and  also  at  Pribram, 
in  Bohemia. 

In  Cornwall,  pitchblende  has  been  found  in  many  mines  of  the  tin  area,  associated  with  nickel 
and  cobalt  (as  at  Joachimsthal).  An  account  of  these  mines  is  given  in  “  The  Geology  of  Falmouth 
and  Truro,  and  of  the  Mining  Districts  of  Camborne  and  Redruth,”  and  “The  Geology  of  the 
Country  around  Bodmin  and  St  Austell,”  both  of  these  publications  being  issued  in  the  Memoirs  of 
the  Geological  Survey  of  England  and  Wales.  In  the  United  States,  pitchblende  occurs  in  many 
localities  in  Gilpin  County,  Colorado,  and  has  been  mined  to  some  extent.  An  account  of  recent 
work  at  these  mines  is  given  in  l/.S.  Bureau  of  Mines ^  Bull.  70.  The  mineral  in  a  very  pure  form 
has  been  found  in  German  East  Africa,  but  it  would  appear  that  the  quantity  available  is  small 
(see  also  W.  Marckwald,  Centralbl.  Min.^  1906,  761).  It  also  occurs  in  the  Porcupine  district  of 
Ontario,  Canada,  where  it  is  stated  to  contain  a  larger  proportion  of  radium  than  the  Austrian 
mineral.  In  India,  the  mineral  occurs  at  the  Singar  mica  mines  of  the  Gaya  district,  and  is  now 
being  worked.  For  an  account  of  this  deposit  see  Becoi'ds  of  Geol.  Sur.^  India,  1914,  44,  20. 

Uranium  ores  have  been  exported  from  the  United  States  for  a  number  of  years  past,  but  it 
would  appear  that  it  was  not  until  about  the  year  1912  that  the  authorities  realised  how  much 
radium  was  leaving  the  country  in  this  form.  Carnotite  ores  occur  chiefly  in  Colorado  and  Utah 
in  the  area  lying  between  the  Rocky  Mountains  of  Colorado  and  the  San  Rafael  Swell  of  Utah,  the 
Denver  and  Rio  Grande  railroad,  and  the  Arizona  and  New  Mexico  line.  In  this  area  the  chief 
deposits  of  Colorado  occur  in  the  vicinity  of  Paradox  Valley,  MTntire  Canon,  Mesa  Creek,  and 
Gateway  ;  whilst  those  of  Utah  include  the  La  Sal  Mountains,  Dry  Valley,  Yellow  Cat  Wash,  San 
Rafael  Swell,  and  the  Henry  Mountains  (F.  L.  Hess,  Econ.  GeoL,  1914,  9,  676).  An  investigation, 
carried  out  by  R.  B.  Moore  and  K.  L.  Kithil  {U.S.  Bur.  Mines,  Bidl.  70),  showed  that  the  richest 
deposits  are  those  of  the  Paradox  Valley.  Much  uranium  ore  is  wasted  in  the  process  of  sorting  to 
get  a  marketable  grade,  owing  to  the  lack  of  a  cheap  and  efficient  method  of  concentrating  the  ore. 

Considerable  attention  has  been  directed,  during  the  past  few  years,  to  the  economic  possi¬ 
bilities  of  the  South  Australian  deposits  of  uranium  ore.  So  far,  deposits  have  been  worked  in 
two  localities,  i.e..  Radium  Hill,  20  miles  E.S.E.  of  Olary  station  on  the  Petersberg-Brokenhill 
railroad,  and  between  Mts.  Painter  and  Pitt  in  blinders  Camp,  about  80  miles  east  of  Farina.  In 
the  Olary  district,  where  the  work  has  so  far  proved  the  more  successful,  the  uranium  occurs,  in 
the  form  of  carnotite,  as  an  incrustation  on  titaniferous  magnetite.  The  ore,  which  has  been  worked 
for  over  two  years,  is  magnetically  concentrated  at  the  mine,  so  that  each  ton  of  concentrate  will 
give  about  3.6  mg.  of  radium.^  The  concentrates  are  treated  at  Woolwich,  near  Sydney.  The 
Mt.  Painter  deposits,  which  yield  autunite,  carnotite,  uranophane,  and  torbernite,  appear  to  be 
rather  less  successful  than  those  of  Olary.  For  an  account  of  recent  progress  in  these  localities  see 
L.  K.  Ward,  “Review  of  Mining  Operations  in  South  Australia,”  No.  19,  p.  26,  and  Min.fourn., 

1913*  103.  1134- 

During  the  past  few  years,  Portugal  has  produced  a  quantity  of  uranium  ore  ;  chiefly  autunite, 
torbernite,  and  small  quantities  of  urano-circite  (a  hydrous  phosphate  of  barium  and  uranium). 
The  richest  deposits  are  stated  to  occur  in  the  district  of  Guarda,  in  the  province  of  Beira,  and  to 
be  closely  connected  with  occurrences  of  tin  and  tungsten.  The  ore  mined  is  stated  to  have  an 
average  content  of  about  i  per  cent,  of  uranium  oxide  (UO3).  The  deposits  are  being  worked  by 
several  companies,  one  of  which  employs  about  six  hundred  men. 

Deposits  of  carnotite  have  been  found  in  several  localities  in  Russia,  the  largest  being  probably 
that  of  Tjua-Mujun  in  the  Andijan  district  of  Central  Asiatic  Russia.  These  and  other  Russian 
deposits  have  been  described  by  E.  de  Hautpick  in  “Radioactive  Minerals  of  Russia”  {Min. 
Jottr7t.,  1911,  92,  185),  and  F.  L.  Hess  {Min.  Res.  U.S.,  1912,  pt.  i.,  1031). 

In  Madagascar,  autunite,  blomstrandite,  euxenite,  and  fergusonite  occur  in  pegmatites,  but 
the  quantity  available  commercially  is  probably  small. 

In  Sweden,  a  carbonaceous  substance  found  in  Silurian  limestone  and  known  as  “Kuhn” 
contains  a  small  percentage  of  uranium,  and  it  is  proposed  to  burn  it  and  recover  the  uranium  from 
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most  of  the  sulphur,  arsenic,  and  molybdenum,  and  is  then  heated  in  a  reverberatory 
furnace  with  sodium  carbonate  to  which  a  little  sodium  nitrate  has  been  added. 
The  fused  mass  is  washed  with  water,  extracted  with  dilute  sulphuric  acid,  and 
filtered,  the  insoluble  residue  being  used  for  the  production  of  radium.  To  the 
filtrate  containing  the  uranium,  excess  of  sodium  carbonate  is  added,  thus  causing 
basic  carbonates  of  iron,  aluminium,  nickel,  and  cobalt  to  be  precipitated.  After 
filtration,  the  uranium  in  solution  is  precipitated  either  by  adding  sodium  hydroxide 
or  by  vigorously  boiling  the  solution  after  neutralising  it  with  dilute  sulphuric  acid. 
The  sodium  diuranate  thus  obtained  is  pressed,  dried,  and  ground.  The  com¬ 
mercial  salt  has  the  composition  NaoUoO^,  bH^O. 

If  the  black  oxide,  UsOg,  is  required  Wohler’s  method  may  be  used.  In  this, 
the  solution  in  dilute  sulphuric  acid  is  treated  with  sulphuretted  hydrogen  to 
remove  arsenic,  antimony,  copper,  lead,  and  bismuth,  filtered,  and  after  oxidising  the 
filtrate  with  nitric  acid,  excess  of  ammonia  is  added.  The  precipitate,  which 
consists  of  hydroxide  of  iron  and  ammonium  uranate,  is  digested  with  a  con¬ 
centrated  solution  of  ammonium  carbonate  containing  excess  of  ammonia,  in  order 
to  dissolve  the  ammonium  uranate.  After  filtering  the  liquid  and  allowing  it  to 
cool,  ammonium  uranyl  carbonate  crystallises  out.  A  further  quantity  of  ammonium 
uranate  can  be  obtained  from  the  mother  liquor  by  adding  ammonium  sulphide  to 
precipitate  the  zinc,  nickel,  or  cobalt,  and  evaporating  the  filtrate.  Both  ammonium 
uranate  and  ammonium  uranyl  carbonate  give  UgOg  on  ignition. 

The  possibility  of  utilising  phosphatic  uranium  micas,  such  as  aiitunite  and 
copper  autunite,  as  sources  of  radium  and  uranium,  is  discussed  by  F.  Glaser 
{Chem.  Zeit.^  1912,  36,  1166).  It  is  stated  that  although  the  processes  of  extraction 
are  comparatively  simple,  the  profitable  working  of  autunite  is  only  possible  when 
the  percentage  of  uranium  is  high. 

Metallic  uranium  can  be  prepared  by  several  methods,  one  of  which  consists 
in  mixing  five  hundred  parts  of  UgOg  with  forty  parts  of  sugar  charcoal  and 
reducing  the  mixture  in  a  carbon  tube  in  the  electric  furnace.  The  crude  product, 
thus  obtained,  which  still  contains  some  carbon,  is  purified  by  being  heated  in 
a  crucible,  brasqued  with  UgOy,  which  is  embedded  in  another  crucible  brasqued  with 
titanium.  The  effect  of  this  latter  is  to  prevent  access  of  nitrogen  to  the  reduced 
uranium  (H.  Moissan,  Comptes  re?id.,  1893,  347).  The  metal  may  also  be  pre¬ 

pared  by  the  electrolysis  of  the  fused  double  chloride  of  uranium  and  sodium  in  an 
inert  atmosphere  using  carbon  electrodes  (H.  Moissan,  Co?nptes  rend.,  1896,  122, 1088). 

For  the  production  of  ferro-uranium,  reduction  with  aluminium  is  stated  to 
be  unsuitable,  as  the  final  product  then  contains  aluminium,  corundum,  and 
uranium  oxide  (F.  Giolitti  and  G.  Tavanti,  Gaz.  Chim.  ItaL,  1908,  38,  239).  It  is 
stated,  however,  that  Stavenhagen’s  modification  of  the  ''thermit”  process  can  be 
used  (A.  Stavenhagen  and  E.  Schuchard,  Ber.,  1902,  35,  909). 

Utilisation  of  Uranium  and  its  Salts 

So  far,  very  few  uses  demanding  much  material  have  been  found  for 
metallic  uranium.  For  a  short  time  an  impure  form,  containing  some  carbide, 
was  employed  as  the  sparking  medium  for  automatic  cigar  lighters,  but  the  material 
has  now  been  superseded  by  the  more  efficient  cerium-iron  alloy  (see  p.  316). 
Metallic  uranium  has  been  suggested  for  use  in  electrodes  of  arc  lamps.  When 
enclosed  in  a  quartz  globe  surrounded  by  an  inert  atmosphere,  the  arc  between 
such  electrodes  gives  a  light  very  rich  in  ultra-violet  rays.  (See  French  Patent 
418,280,  15th  July  1910.)  According  to  the  third  and  fourth  additions  to  the 
above  patent,  a  vacuum  is  substituted  for  the  inert  atmosphere,  and  in  the  seventh 
addition,  dated  26th  May  19 ii,  a  special  type  of  lamp  with  mercury  cathode  is. 
described  and  is  stated  to  be  suitable  for  sterilising  liquids  by  means  of  ultra-violet  rays. 

Various  attempts  have  been  made  to  utilise  ferro-uranium  in  the  manufacture 
of  special  steel.  In  general,  it  may  be  stated  that  uranium  steel  has  properties  very 
similar  to  those  of  tungsten  steel,  but  as  ferro-tungsten  can  be  produced  at  a 
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Vanadinite  is  a  chloro- vanadate  of  lead  to  which  the  formula  9Pb(),3V20g,Fl)Cl.»  has  been 
assigned.  It  would  thus  contain,  when  pure,  19.4  per  cent,  of  vanadic  oxide  (V./\).  The  mineral, 
which  occurs  in  prismatic  hexagonal  crystals,  has  a  specific  gravity  of  6,6-7.!,  It  may  vary  in 
colour  from  ruby  red  to  yellowish  or  reddish  brown. 

Composition  of  Vanadium  Minerals. — The  chemical  composition  of  typical 
samples  of  several  vanadium  minerals  is  shown  in  the  following  table : — 

Table  XXV. 


Formula. 

Vanadinite,^ 

Arizona. 

Roscoelite.'*^ 

Per  Cent. 

Per*Cent. 

Vanadic  oxide  ----- 

V,0, 

18.64 

23.36  ( 

...  ! 

Arsenic  oxide . 

A%Oq 

Trace 

Ferric  oxide . 

F’'e£Og 

0.40 

1-23 

Alumina  ...... 

AlgO^ 

^3-94 

Lime  - . 

CaO 

0.62 

Magnesia . 

MgO 

2.06 

1  Copper  oxide  -  .  .  -  . 

Lead  oxide 

CuO 

0.18 

PbO 

77,00 

1 

Potash 

K^O 

i  8.87  1 

Soda . .  - 

1  Na^O 

'  0.92  1 

Chlorine 

'  Cl 

'  2.69 

Phosphoric  acid  -  ...  - 

Water 

1 

0.72 

2.42 

Geographical  Distribution  of  Vanadium  Ores 

Probably  at  least  70  per  cent,  of  the  vanadium  produced  commercially  is 
obtained  from  the  ores  occurring  at  Minasragra,  about  twenty  miles  from  Cerro  de 
Pasco,  Peru. 

The  vanadium  here  occuns  in  several  mineral  forms,  araong.st  which  may  be  mentioned  a  red 
calcium  vanadate,  which  may  carry  as  much  as  50  per  cent,  of  vanadic  oxide  (V/Ig)  and  is  found  in 
small  pockets  and  crevices.  A  blue-black  vanadium  shale  also  occurs,  which  may  carry  as  much  as 
13  per  cent,  of  vanadic  oxide  and  5  per  cent,  of  sulphur.  The  principal  vanadium-hearing  mineral, 
however,  is  patronite,  which  occurs  in  veins  enclosed  by  porphyry  dykes.  An  analysis  of  this  mineral 
showed  it  to  contain  .'—vanadium  sulphide,  39.94  per  cent. ;  molybdenum  sulphide,  1.57  ;  free  sulphur, 
30.57.  This  sample,  on  calcination,  gave  a  prculuct  containing  58.08  per  cent,  of  vanadic  oxide. 
Descriptions  of  these  deposits  are  given  hy  1).  F.  Ilewett,  7>ww.  Amer.  Inst,  Min,  En^.^  1909, 
40,  291,  and  W.  F.  Hillebrand, /fwrw.  Amer,  Ckem,  Sm\j  1907,  29,  1019. 

An  interesting  deposit  of  asphaltic  material  f)ccurs  beneath  tliese  patronite  beds.  It  is  very  rich 
in  sulphur,  deficient  in  hydrogen,  and  contains  from  2-3  per  rent,  of  vanadic  oxide.  Several 
attempts  have  been  made  to  work  certain  of  these  asphaltic  <ieposits  for  vanadium.  Similar 
carbonaceous  demsits  occur  in  many  localities  in  Peru,  and  also  in  the  United  States,  in  Oklabama, 
and  Nevada. 

.  Roscoelite^has  been  mined,  in  the  United  States,  ftir  a  riumla*r  of  years,  between  Placerville 
and  Newmire  in  San  Miguel  County,  Colorado  It  Ims  been  stated  that  tliese  are  prolmhly  tlie 
largest  vanadium  deposits  yet  located  in  the  United  States.  The  ore  as  mined  carries  an  average 
of  about  1.5  per  cent,  of  vanadic  oxide,  but  as  the  deposits  are  large  and  easily  worked  the  opera¬ 
tions  can  be  conducted  at  a  profit.  For  refercnccH  to  literature  dealing  with  these  anti  other 
deposits  of  vanadiurp  in  the  United  States  see  U,S,  Bur,  Mines,,  BuU,  70,  p.  51, 

Vanadinite  deposits  at  Cutter,  New  Mexico,  United  States,  were  worked  for  some  time,  but 
were  recently  abandoned  owing  to  difficulties  encountered  in  the  metallurgical  treiitmcmt  of  the 
ore  (see  also  F.  L.  Hess,  U,S,  GeoL  Sum,  Bull  530,  p.  157).  The  mineral  itko  c>ccur%  in  the 
United  States,  in  Arizona  and  California.  In  Mejclco,  it  occurs  iit  Villa  Rosalei,  Chihunhmi, 
Coyame,  and  Iturbide. 

In  Spain,  inmxirtant  deposits  of  vanadinite  occur  and  have  lieen  worktxl  near  Santa  Marta, 
Elstramaauras.  The  sandstone  ore  is  stated  to  contain  an  average  of  3  per  rent,  of  vamidic  oxide 
which  is  raised  to  aliout  14  |>er  cent,  hy  concentration.  These  depkits  laam  worked  for 
vanadium  since  1899,  and  up  to  1906  they  supplied  the  grr»iter  fwirt  of  the  world's  reipilrements. 


*  Genth,  Trms,  Amer,  Phii,  AW.,  1885,  22,  365. 
^  Roscoe,  Pr&€.  AV/.  *SW.,  1876,  25,  to<|. 
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other  vanadiferous  ores,  the  finely  crushed  ore  is  treated  with  dilute  sulphuric  acid, 
which  dissolves  the  uranium,  vanadium,  copper,  and  iron  present.  The  clear 
solution  is  decanted  and  treated  with  sulphur  dioxide  gas  in  order  to  reduce  the 
iron  and  vanadium  compounds  to  the  ferrous  and  vanadous  states.  A  calculated 
quantity  of  ground  limestone  is  then  added  until  the  metals  begin  to  separate. 
The  solution  is  filtered  from  the  precipitated  calcium  sulphate,  and  the  precipitation 
of  the  metals  completed  by  boiling  the  solution  with  more  limestone.  The  pre¬ 
cipitate,  thus  obtained,  which  contains  about  20  per  cent,  of  uranium  and  vanadium 
oxides,  is  dried  and  shipped  for  further  treatment. 

The  process  described  by  P.  Auchinachie  in  English  Patent,  12,726,  of  1904,  consists  in  treating 
the  ore,  for  about  two  hours,  with  hot  concentrated  sulphuric  acid  to  which  a  small  quantity  of 
sodium  nitrate  has  been  added.  The  acid  solution,  after  cooling,  is  electrolysed,  using  iron 
electrodes,  vanadic  oxide  being  deposited.  In  English  Patent,  22,422,  of  1904,  the  same  inventor 
obtains  the  suboxide  by  nearly  neutralising  the  above  acid  solution  with  sodium  carbonate  and 
boilii^  for  some  time.  The  pentoxide  (VgOs)  is  obtained  from  this  lower  oxide  by  boiling  it  with 
sulphuric  acid  and  sodium  nitrate. 

Another  acid  treatment  process  has  been  described  by  J.  Ohly  {Osterr.  Zeit.  fur  Berg  und 
HiUtenwesm,  1906,  54,  232).  It  is  intended  for  the  preparation  of  ammonium  vanadate  from 
camotite-Dearing  sandstone.  The  finely  ground  ore  is  treated  for  some  time  with  cold  hydrochloric, 
sulphuric,  or  nitric  acid  and  then  heated  until  all  the  vanadium  compounds  are  dissolved.  A  pre¬ 
determined  quantity  of  ammonium  chloride  is  added  to  the  solution,  which  is  next  evaporated  to 
about  one-third  of  its  bulk  and  left  to  stand  over-night.  The  separated  ammonium  metavanadate 
is  recrystallised  from  a  concentrated  solution  of  ammonium  chloride.  A  further  crop  of  ammonium 
metavanadate  is  obtained  from  the  mother  liquor  by  further  evaporation.  The  final  liquid  is  treated 
with  excess  of  sodium  carbonate,  boiled  for  half  an  hour,  the  precipitate  filtered  off,  and  the  uranium 
in  the  filtrate  then  precipitated  by  the  addition  of  caustic  soda. 

In  the  Saklatwalla  process  (United  States  Patents,  Nos.  1,020,224  and  1,020,312,  of  1912  ; 
English  Patent,  No.  6,119,  of  1912)  the  ore  is  extracted  with  dilute  sulphuric  acid  and,  after 
nearly  neutralising  the  solution,  the  vanadium  is  precipitated  by  adding  an  oxidising  agent,  such 
as  ammonium  persulphate,  chlorine,  or  an  oxy-acid  of  chlorine. 

According  to  U.S.  Patent,  890,584,  of  1908,  ore  containing  uranium  and  vanadium  is  treated 
with  sulphur  dioxide  under  pressure  and  the  clear  solution  then  boiled  to  remove  the  excess  of  the 
gas.  This  latter  treatment  causes  the  precipitation  of  the  uranium  as  basic  sulphite,  and  the 
vanadium  is  precipitated  from  the  residual  solution  as  calcium  vanadate  by  adding  excess  of  caustic 
lime. 

Alkaline  Extraction  Processes. — In  the  majority  of  these  methods  the 
object  is  to  produce  soluble  sodium  vanadate,  either  by  treating  the  ore  with 
solutions  of  sodium  carbonate  or  hydroxide,  or  by  roasting  it  with  sodium  chloride. 
Almost  without  exception,  the  extraction  of  the  vanadium  is  not  complete,  but  in 
some  cases  it  reaches  90  per  cent,  of  the  quantity  present  in  the  ore.  Roasting  the 
ore  with  sufficient  sodium  chloride  to  form  sodium  pyrovanadate  is  covered  by 
United  States  Patent,  831,280,  of  1906. 

The  Primes  Chemical  Co.,  of  Newmire,  Colorado,  employ  the  fallowing  process  for  recovering 
vanadium  from  roscoelite.  The  ore  is  mixed  with  common  salt,  the  mixture  coarsely  ground  and 
dried  until  its  moisture  content  is  about  r  per  cent.  The  caked  material  is  ground  to  pass  a  20- 
mesh  sieve  and  then  roasted  for  three  hours.  The  roasted  mass  is  next  lixiviated  with  water  and 
the  vana^um  precipitated,  as  ferrous  vanadate,  by  the  addition  of  excess  of  ferrous  sulphate.  No 
attempt  is  made  to  recover  the  small  quantity  of  uranium  present. 

In  the  Herrenschmidt  process  (French  Patent,  328,421,  of  1903)  vanadinite  is  fused  with 
an  alkali  carbonate,  sulphate,  or  sulphide  and  carbon.  In  a  later  communication  {Comptes  rend,, 
1904,  139,  635)  the  author  describes  the  process  more  fully.  The  vanadinite  is  smelted  with  sodium 
carbonate  in  a  reverberatory  furnace,  and  thus  are  produced  argentiferous  lead  and  a  slag  carrying 
vanadate,  aluminate,  and  silicate  of  sodium,  and  ferric  oxide.  Air  is  blown  through  the  slag  in 
order  to  fully  oxidise  the  sodium  vanadate,  and  the  mass  is  then  granulated  by  pouring  it  into 
boiling  water.  The  solution  obtained  by  agitating  the  fused  mass  with  two  further  quantities  of 
water  contains  all  the  sodium  vanadate,  some  sodium  silicate,  but  no  aluminate.  To  remove  the 
silicate,  one  portion  of  the  liquid  is  evaporated  to  a  S3n:up,  sulphuric  acid,  66°  B^. ,  added  to  precipitate 
a  portion  of  the  vanadic  acid,  and  then  the  whole  added  to  the  unevaporated  portion  of  the  liquid. 
The  solution  is  next  passed  through  a  filter  press  in  order  to  remove  the  precipitated  silica  (see 
French  Patent,  No.  334,333>  pf  I903»  and  United  States  Patent,  No,  787,758,  of  1905).  The  solution, 
which  contains  fairly  pure  sodium  vanadate,  is  evaporated  to  expel  excess  of  sulphuric  acid,  and  tlie 
residue,  after  washing  with  water,  consists  of  fairly  pure  vanadic  acid.  The  yield  is  stated  to  be 
from  92-95  per  cent. 

^  The  above  process  has  been  employed  on  a  large  scale  for  treating  the  ore  from  the  Santa  Marta 
mines  of  Spain. 
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In  the  Haynes  and  Engle  •  process,  as  described  in  United  States  Patents,  Nos.  808,839  and 
828,850,  of  1906,  the  ore  crushed  to  12-mesh  is  boiled  with  a  solution  of  sodium  or  potassium 
carbonate  until  the  uranium  and  vanadium  are  dissolved.  The  length  of  time  of  boiling  and  the 
concentration  of  the  alkaline  carbonate  solution  are,  to  some  extent,  determined  by  the  quantity  of 
vanadium  and  uranium  in  the  ore,  and  it  is  stated  that  for  each  i  per  cent,  of  these  metals  in  the 
ore,  about  100  lbs.  of  sodium  carbonate  are  required  per  ton  of  ore.  The  clear  solution  is  treated  with 
sodium  hydroxide  to  precipitate  the  uranium  as  sodium  uranate,  which  is  then  removed  by  filtration. 
The  vanadium  is  next  precipitated  from  the  filtrate  by  the  addition  of  slaked  lime.  When  used  on 
carnotite  ore,  this  process  gave  an  extraction  of  about  80  per  cent,  of  the  uranium  and  60-65  per 
cent,  of  the  vanadium  present  in  the  ores. 

According  to  the  process  described  by  A.  H.  Ferret  (French  Patent,  No,  412,641,  of  1901,  and 
English  Patents,  26,777,  of  1910,  and  15,181,  of  1911)  the  ore  is  roasted  with  an  alkaline  carbonate 
and  oxidising  conditions  maintained  after  the  addition  of  sodium  nitrate.  The  fused  mass  is 
granulated  by  being  run  into  cold  water  and  thoroughly  lixiviated.  The  solution,  which  contains 
all  the  vanadium,  may  be  treated  with  ammonium  chloride  so  as  to  give  ammonium  metavanadate 
or  the  vanadic  acid  may  be  precipitated  by  the  addition  of  ah  acid. 

It  was  stated  recently  that  a  large  works  in  France  had  been  acquired  by  the  Santa  Marta  Co.,  of 
Spain,  in  order  to  treat  their  ore  by  this  process. 

In  addition  to  the  processes  already  described  for  the  separation  of  uranium  and  vanadium  on 
a  technical  scale,  that  of  W.  F.  Bleecker  must  be  mentioned.  As  described  in  United  States 
Patent,  1,050,796,  the  process  consists  in  treating  the  alkaline  carbonate  solution  with  sufficient 
sodium  hydroxide  to  precipitate  the  uranium  as  a  mixture  of  uranyl  hydrate  and  sodium  uranate. 
This  precipitate,  which  contains  some  vanadium,  is  filtered,  washed,  dissolved  in  acid,  and  the 
solution  treated  with  excess  of  sodium  carbonate.  The  solution  is  then  electrolysed,  using  anodes 
of  any  active  metal,  such  as  iron,  nickel,  or  copper,  the  vanadium  being  precipitated  on  the  anode 
as  vanadate  of  the  anode  metal.  When  all  the  vanadium  has  been  deposited  the  uranium  in  the 
filtrate  may  be  recovered  by  one  of  the  known  methods. 

•A  method  for  extracting  vanadium  from  copper  vanadate  is  described  by  W.  F.  Bleecker  in 
United  States  Patent,  1,049,330. 

Methods  of  Recovering  the  Vanadium  from  Mill  Solution. — A 

number  of  the  processes  already  described  have  included  details  of  the  method  of 
recovering  the  uranium  and  vanadium  from  the  extraction  or  “milU’  solutions. 
These  may  be  briefly  summarised  as  consisting  in  precipitation  (i)  as  ferrous 
vanadate  by  nearly  neutralising  the  solution,  and  adding  ferrous  sulphate;  (2)  as 
calcium  vanadate  by  the  addition  of  slaked  lime ;  (3)  by  electro-deposition. 

In  the  first- mentioned  process  several  difficulties  may  be  encountered,  thus,  according  to  W.  F. 
Bleecker  {Met.  and  Chem.  Eng,^  1911,  II,  501),  sodium  sulphate,  formed  by  the  interaction  of  the 
sodium  carbonate  and  ferrous  sulphate,  is  a  powerful  solvent  for  ferrous  vanadate  unless  the  ferrous 
sulphate  is  present  in  considerable  excess.  *K  small  amount  of  a  colloidal  compound  is  formed, 
which  causes  difficulty  in  washing  the  precipitate,  and  loss  of  vanadium.  Calcium  vanadate  would 
seem  to  suffer  from  few  of  the  above  objections. 

Electrolytic  precipitation  appears  to  possess  several  advantages  over  the  foregoing  methods. 
In  all  hydro-electrolytic  processes  vanadium  is  always  an  anode  product,  and  so,  if  ferrous 
vanadate  is  required,  the  nearly  neutral  solution  containing  the  vanadium  is  electrolysed,  using 
iron  anodes  and  cathodes  of  almost  any  metallic  substance.  A  potential  difference  of  about 
4  volts  is  maintained  between  the  electrodes.  As  a  rule,  any  impurity  present  in  the  solution  is 
found,  in  part  at  least,  in  the  final  product.  For  a  discussion  of  the  process,  see  W.  F. 
Bleecker,  loc,  cit. 

Vanadic  Acid  may  be  prepared  from  the  solution  of  sodium  vanadate  by 
treatment  with  acid  as  already  described,  but  this  process  does  not  precipitate  all 
the  vanadium;  some  10  percent,  remaining  in  solution.  An  electrolytic  process, 
described  by  W.  F.  Bleecker,  takes  advantage  of  the  difference  in  solubility  of  sodium 
vanadate  and  vanadic  acid. 

The  solution  of  sodium  vanadate,  which  must  not  contain  chlorides,  is  heated  to  90®  C.,  and 
then  made  slightly  alkaline  with  sodium  carbonate.  The  clear  liquor  is  decanted,  evaporated  to 
30®  B6.,  when  it  will  contain  about  200  g.  of  vanadic  acid  per  litre.  This  solution  is  transferred 
to  a  porous  pot,  and  electrolysed  in  a  compa,rtment  cell,  the  liquid  in  the  outer  j*ar  being  water 
containing  a  little  lye.  A  platinum  anode  is  used,  whilst  the  cathode  may  consist  of  iron  or 
copper.  .  A  potential  difference  of  6-8  volts  is  maintained  together  with  a  current  density  of 
30  amperes  per  square  foot  of  anode  surface.  The  effect  of  the  current  is  to  cause  the  sodium 
ions  to  travel  to  the  outer  vessel,  leaving  vanadic  acid  in  the  inner  porous  pot.  As  this  salt  is 
less  solubk  in  water  than  is  sodium  vanadate,  a  portion  of  it  is  precipitated.  The  product 
obtained,  in  this  way,  is  easily  filtered  and  washed,  and  contains  about  90  per  cent,  of  vanadic 
oxide  (VgOg).  Mineral  acids  seriously  interfere  with  the  efficiency  of  the  reaction. 
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The  oldest  process  for  obtaining  vanadic  acid  is  that  of  preparing  ammonium 
metavanadate,  and  then  driving  off  the  ammonia  by  heating. 

When  dry  calcium  vanadate  is  treated  with  hot  hydrochloric  acid,  red  vanadic 
acid  separates  out,  which  can  be  washed  with  dilute  acid  and  water. 

The  product  always  contains  some  lime  salts,  and  a  considerable  quantity  of  hydrochloric  acid 
is  present  as  vanadyl  dichloride.  If  the  material  he  dried  and  fused  a  practically  pure  sample  of 
vanadic  oxide  (V-^Os)  will  be  obtained. 

Metallic  Vanadium  may  be  produced,  according  to  G.  Gin  (Elektrochem,  and 
Met  Ind.\  1909,  7,  264),  by  the  electrolysis  of  a  solution  of  vanadium  trioxide 
(V^Og)  in  fused  calcium  vanadate. 

The  lining  of  the  bath  in  which  the  electrolysis  is  performed  is  pure  electrolytically  fused 
alumina.  The  anodes  are  composed  of  carbon,  whilst  the  cathodes  are  conical  in  form,  and 
consist  of  pulverised  and  agglomerated  ferro-vanadium.  A  current  density  of  about  4.5  amperes 
per  square  inch  of  anode  is  recommended. 

The  metal  may  also  be  prepared  by  the  alumino-thermic  method  (see  W. 
Prandtl  and  B.  Bleyer,  Zeifs.  anorg,  Chem.,  1909,  64,  217,  and  £er.,  1910,  43, 
2602,  and  R.  Vogel  and  G,  Tammann,  Zeils.  anorg,  Chem,^  1909,  64,  225). 

Ferro -Vanadium, — The  processes  available  for  the  production  of  this 
substance  are  the  reduction  of  ferrous  vanadate,  calcium  vanadate,  or  the  oxides, 
by  means  of  (i)  carbon  in  the  electric  furnace;  (2)  the  alumino-thermic  process. 

Alloys  produced  by  the  first  method  usually  contain  somewhat  large  amounts  of  carbon  (1.5-6 
per  cent.),  which  renders  the  alloy  objectionable  for  certain  uses  in  the  steel  industry. 

For  the  alumino-thermic  process,  it  has  been  stated  that  the  lower  oxide  (VDn)  more 
suitable.  The  majority  of  the  ferro-vanadium  now  on  the  market  contains  from  25 -**50  per  cent, 
of  vanadium. 

In  the  Gin  electrolytic  process  for  the  production  of  ferro-vanadium  from 
vanadic  acid,  as  described  in  Zei^s.  Elektrochem.^  5^903*  9,  ^31,  electrodes  pre¬ 
pared  from  a  mixture  of  vanadic  acid  and  retort  carbon  are  used  as  the  anode  in 
a  bath  of  fused  iron  fluoride  dissolved  in  fused  calcium  carbide,  whilst  fused  steel 
constitutes  the  cathode. 

In  French  Patent,  ^40,413,  of  1904,  the  electrolyte  is  composed  of  fused  calcium  fluoride,  but 
iron  fluoride  is  also  added,  as  the  decomposition  of  thi.s  latter  substance  assists  the  process  by 
regenerating  the  electrolyte  at  the  expense  of  the  anode. 

In  a  later  communication  {Prec.  p/i  Inter.  Ceng.  Chem.^  1909,  Sect.  10,  p.  lo)  the  same 

inventor  sugge.sts  the  use  of  vanadic  acid  dissolved  in  fused  calcium  fluovanadate.  A  carlion  anode 
is  used,  whilst  the  cathodes  consist  of  agglomerated  carbon  and  vanadic  acid  as  before.  A  current 
density  of  0.7  ampere  per  square  centimetre  of  anode  surface  is  stated  to  be  the  most  suitable. 

Ferro-vanadium  may  be  prepared,  according  to  United  States  Patent,  866,561,  of  1907,  by 
passing  an  electric  current  through  a  bath  of  molten  ferro-silicon  and  vanadic  oxide  in  calculated 
amounts. 

_  According  to  United  States  Patent,  875,208,  of  1907,  ferro-vanadium  is  prepared  by  mixing  the 
oxide  with  the  calculated  amounts  of  iron  and  carbon  and  passing  a  current  througli  the  charge. 

Composition  of  Vanadium  Alloys.— As  already  stated,  ferro-vanadium  made 
by  the  reduction  of  vanadium  compounds  by  means  of  carbon  contains  from  2  6 
per  cent,  of  the  latter  element,  and  has  not  the  same  utility,  in  the  steel  industry, 
as  those  alloys  with  under  i  per  cent,  of  carbon. 

The  reason  ^  for  this  is  stated  to  be  that  vanadium  readily  combines  with  carlxm,  to  form  a 
carbide  which  is  a  stable  product  and  passes  into  solution  in  the  steel  without  decoraposititm,  and 
is  stated,  therefore,  to  be  of  much  less  value  for  use  in  the  steel  industry. 

The  melting  point  of  a  ferro-vanadium,  practically  free  from  other  elements,  and 
containing  40  per  cent  of  vanadium,  is  about  1,480**  C.  The  melting  point  becomes 
gradually  lower  as  the  amount  of  vanadium  is  decreased  until  35  per  cent  is 
reached, ^  when  it  remains  stationary  at  1,425^  C.  until  30  per  cent  is  attained. 
From  this  point,  as  the  vanadium  is  decreased  to  25  per  cent,  the  melting  point 
gradually  rises  to  about  1,450®  C. 

Most  firms  supply  several  grades  of  ferro-vanadium,  of  different  vanadium 

content. 
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The  amounts  of  certain  elements  in  commercial  ferro-vanadium  are  shown  in  the  following 
table : — 


Table  XXVII. 


Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

I  Per  Cent. 

Vanadium 

20  to  25 

25  to  30 

30  to  40 

35  to  42 

30  to  40 

Silicon  - 

1-5  to  3-0 

Below  2.0 

Below  2.0 

Below  2.0 

I  to  3 

Carbon  - 

4  to  6 

0.25 

0.25 

0.25 

'  Aluminium  - 

Below  0.05 

Below  2.0 

Below  2.0 

Below  i.o 

Manganese  - 

6  to  8 

Cupro- vanadium  may  have  the  following  percentage  composition — vanadium,  10-15;  copper, 
60-70;  aluminium,  10-15;  nickel,  2-3. 


Utilisation  of  Vanadium  and  its  Salts 

At  least  90  per  cent,  of  the  vanadium  extracted  is  utilised  in  the  form  of  its 
ferro  alloy,  in  the  steel  industry ;  a  use  which  has  gradually  increased  during  the 
past  ten  years.  A  very  complete  account  of  the  use  of  vanadium  and  its  alloys  in 
steel-making  has  been  given  by  J.  Kent-Smith  {Joiii'n.  Soc.  Chem,  Ind,,  1906,  25, 
291).  Briefly  summarised,  the  effect  of  vanadium  on  steel  may  be  stated  as  being 
to  increase  the  elastic  limit  and  ultimate  tensile  stress  without  reducing  the  ductility. 

It  is  chiefly  employed  in  connection  with  the  manufacture  of  chrome,  manganese,  open  hearth 
and  high  speed  tool  steels,  being  especially  useful  in  the  production  of  steel  required  for  use  in  the 
construction  of  motor  cars,  steel  shafts,  locomotive  axles,  rock  drills,  and  similar  work  subject  to 
shock.  Vanadium  is  stated  to  toughen  steel  in  several  ways,  such  as  (i)  by  causing  any  oxides  and 
nitrides  present  in  the  steel  to  pass  into  the  slag ;  (2)  the  metal  passes  into  solid  solution  in  the 
ferrite  or  carbonless  portion  of  the  steel  rendering  the  metal  more  coherent  and  less  liable  to  dis¬ 
integration.  The  quantity  of  vanadium  required  for  the  first-mentioned  effect  rarely  exceeds 
o.  I  per  cent,  of  the  weight  of  steel  treated. 

The  total  quantity  of  vanadium  added  to  ordinary  engineering  structural  steels  usually  amounts 
to  about  0.25  per  cent,  whilst  as  much  as  2.0  per  cent,  may  be  added  to  high  quality  tool  steels. 

For  further  details  see  J.  O.  Arnold  and  A.  A.  Read,  Trans.  Iron  and  Steel  Inst.,  1912,  85, 
215;  P.  W.  Shimer,  Trans.  Amer.  Inst.  Min.  Eng.,  1912,  883. 

Copper- vanadium  alloys  are  much  used  in  the  production  of  solid  copper  castings  and  bronzes, 
as  well  as  in  the  manufacture  of  certain  aluminium  alloys. 

A  number  of  uses  have  been  suggested  for  vanadium  compounds,  but  it  would 
appear  that  few  of  these  demand  any  large  quantity  of  material. 

In  Photography,  vanadium  salts  have  been  used  for  toning  silver-bromide  prints  to  a  green 
colour.  According  to  German  Patent,  215,071,  of  1909,  and  U.S.  Patent,  979,887,  of  1910,  when 
500  g.  of  liquid  vanadium  chloride  are  mixed  with  1,310  g.  of  anhydrous  oxalic  acid,  a  solid 
product  is  obtained  which  may  be  compressed  into  tablets  and  is  readily  soluble  in  water.  The 
toning  bath  is  prepared  by  dissolving  3.8  g.  of  this  product  together  with  1.5  g.  of  anhydrous 
oxalic  acid,  i  g.  of  ferric  oxalate,  and  i  g.  of  potassium  ferricyanide  in  one  litre  of  water. 
The  photographic  properties  of  vanadium  salts  are  discussed  by  L.  Lumi^re  in  Moniteur  Scientifique^ 

1894,  42>  437. 

The  use  of  vanadium  or  its  alloys  in  place  of  lead  in  accumulators  has  been  patented  (French 
Patent,  357,601,  of  1905),  and  in  the  same  specification  it  is  mentioned  that  solutions  of  vanadium 
salts  may  replace  sulphuric  acid  in  accumulators. 

Vanadium  salts  have  been  used  for  colouring  pottery  and  glass,  and  the  pentoxide  (V^Og)  has 
been  suggested  for  use  as  a  “gold  bronze.’^ 

Vanadium  salts  are  employed  as  mordants,  for  fixing  aniline  black  on  silk,  and  in  calico  printing. 
The  use  of  ammonium  vanadate  in  dyeing  leather  is  described  in  foum.  Soc.  Chem.  Ind.,  1882, 
I,  185. 

When  solutions  of  vanadium  salts  are  mixed  with  tincture  of  galls,  a  deep  black  colour  is 
produced,  and  it  has  been  suggested  that  the  solution  might  be  employed  as  a  writing  ink.  It  has- 
been  shown,  however,  that  although  the  colour  is  unaffected  by  acids,  alkalis,  or  chlorine,  it  is  not 
permanent. 

As  Catalysts,  oxides  of  vanadium  may  be  employed  in  the  electrolytic  oxidation  and  reduction 
of  certain  organic  compounds  (see  French  Patent,  345,701,  of  1904).  It  is  also  stated  to  accelerate 
ordinary  oxidation  (see  A.  Naumann,  L.  Moeser,  and  E.  Lindenbaum,  prakt.  Chem.,  1907,, 
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75,  146).  Vanadium  carbide  has  been  suggested  as  a  filament  for  incandescent  electric  lamps 
(English  Patent,  19,264,  of  1905).  In  medicine,  certain  vanadium  salts  find  a  limited  use. 

Chemical  Analysis  of  Vanadium  Ores  and  Alloys 

Space  does  not  permit  of  an  account  being  given  of  a  method  for  the  analysis  of  complex 
vanadium  ores,  but  the  following  “Rapid  Method  for  the  Determination  of  Vanadium  in  Ores,’* 
as  given  in  United  States  Geol.  Sm-vey^  Btill.  70,  p.  90,  may  be  of  service.  It  is  suitable  for  ores 
which  are  readily  attacked  by  acid.  ^  ^  ■ 

Treat  2-5  g.  of  the  ore  in  a  16-oz,  Erlenmeyer  flask  with  20  c.c.  of  hydrochloric  acid 
(sp.  gr.  1.20),  and  warm  for  half  an  hour.  Add  20  c.c.  of  water  and  20  c.c.  of  sulphuric  acid, 
and  evaporate  till  fumes  of  sulphuric  acid  are  liberated.  While  the  mixture  is  hot,  add  powdered 
potassium  permanganate,  a  little  at  a  time,  until  all  organic  matter  is  oxidised  and  an  excess  of 
permanganate  is  present.  Heat  for  a  few  minutes,  cool,  and  add  25  c.c.  of  w^ater  and  a  few  drops 
of  a  strong  solution  of  potassium  permanganate  to  ensure  complete  oxidation.  Add  50  c.c.  of 
hydrochloric  acid  (sp.  gr.  1.20),  and. evaporate  as  rapidly  as  possible,  without  causing  “bumping,” 
until  the  hydrochloric  acid  is  expelled  and  sulphuric  acid  fumes  are  evolved.  Continue  the  fuming 
for  ten  minutes.  Cool,  add  a  little  cold  water,  dilute  to  250  c.c.  with  boiling  water,  and  determine 
the  vanadium  by  titrating  the  hot  solution  with  a  standard  solution  of  potassium  permanganate. 

In  most  cases  it  is  unnecessary  to  remove  the  insoluble,  matter ;  sometimes,  however,  it  is 
advi^ble  to  do  so.  Place  the  ore  in  a  beaker,  add  10  c.c.  of  hydrochloric  acid  and  5  c.c.  of 
sulphuric  acid,  evaporate  till  fumes  of  the  latter  are  liberated,  take  up  with  water,  and  filter  into  the 
flask.  Then  add  15  c.c.  more  sulphuric  acid,  and  proceed  as  above. 

If  arsenic  and  molybdenum  are  present,  they  may  be  removed  from  the  dilute  sulphuric  acid 
solution  before  filtration  by  precipitation  with  sulphuretted  hydrogen. 

Success  with  this  method  depends  upon  complete  destruction  of  the  organic  matter  and  complete 
oxidation  of  the  iron,  etc.,  by  potassium  permanganate.  Some  vanadium  ores  contain  much 
organic  matter.  In  treating  these  the  sulphuric  acid  solution  should  be  heated  longer,  and  several 
cautious  additions  of  powdered  potassium  permanganate  should  be  made.  In  some  cases 
preliminary  calcination  at  a  low  temperature  will  save  time.  Several  other  methods  are  also  given 
in  the  above-mentioned  bulletin. 

A  comprehensive  account  of  the  analysis  of  vanadium  ores  of  all  types  is  given  by  W.  F. 
Bleecker  in  Met.  and  Cheni.  Eng,^  iQitj  9,  209,  w'hilst  the  methods  suitable  for  ferro-vanadium 
are  discussed  by  W.  W,  Clarke,  Met.  and  Chem.  Eng.,  1913,  II,  91. 

Thanks  are  due  to  the  International  V^adium  Co.,  of  Liverpool ;  The  American  Vanadium 
Co.,  of  Pittsburgh,  U.S.A.  ;  and  The  Primos  Chemical  Co.,  of  Primes,  Delaware  Co.,  U.S.A., 
for  supplying  certain  information  concerning  the  uses  of  vanadium  salts  and  alloys. 
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radioactive  materials  : — 
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274,874,  19x3- 
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INTRODUCTION 

History. — The  discovery  of  X-rays  by  Rdntgen  in  1895  called  attention  to  the  study  of  other 
obscure  radiations.  Becquerel,  between  1895  discovered  the  fact  that  uranium  salts  gave 

invisible  rays  which  affected  a  photographic  plate  in  the  dark.  In  1898  G.  C.  Schmidt  and 
Madame  S.  Curie  discovered  that  thorium  salts  acted  in  a  similar  way,  and  this  led  to  the 
discovery  of  the  radioactive  elements,  polonium  and  radium. 

In  1902  Geoffrey  Martin  [Chem.  News^  1902,  85,  205)  put  forward  the  theory  that  the  radio¬ 
active  elements  are  elements  undergoing  decomposition— -the  theory  now  universally  accepted  but 
received  at  the  time  of  its  publication  with  open  ridicule.  Rutherford  and  Soddy,  later  in  the 
same  year,  adopted  the  same  view,  which  was  put  on  a  firm  experimental  basis  by  their  classical 
researches.  The  evolution  of  helium  from  radium  w'as  first  proved  by  Ramsay  and  Soddy  in 
1903.  Radium  emanation  was  first  recognised  as  a  gas  by  Rutherford  and  Soddy  in  1902. 
Fajans,  Russell,  Fleck  and  Soddy  in  1913- 1915  established  the  position  of  the  radioactive  elements 
in  the  periodic  system. 

There  are  few  departments  of  technical  chemistry  that  have  been  more 
neglected  in  Great  Britain  than  technical  work  in  connection  with  the  radium 
industry.  Part  of  this  neglect  has  its  origin  in  the  reception  given  by  some 
prominent  chemists  in  England  to  the  ('hemical  aspect  of  the  pioneer  work  on 
radioactivity  carried  out  by  Rutherford  and  his  ('olleagiies  in  1902  and  the 
years  that  followed.  The  subject  was  regarded  in  many  (]uarters  as  fantastic', 
speculative,  unsafe,  and  of  no  importance,  and  it  was  generally  taken  for  granted 
that  any  work  that  might  be  done  in  it  could  bc^  conveniently  left  to  pliysic'ists 
who  possessed  a  knowledge  of  inorganic  chemistry.  The  second  and  more 
important  reason  has  been  the  great  difficulty  of  obtaining  in  this  ('ountry,  eitlier 
cheaply  or  in  any  quantity,  the  raw  material  from  which  the  more  important 
radioactive  constituents  could  be  worked  up.  The  uranium  ores  are  by  no 
means  plentiful  in  amount,  and  are  only  found  in  certain  imrts  of  the  world. 
Again,  immediately  after  its  discovery  radium  was  surrounded  by  a  halo  of 
romance  by  the  press  of  Iingland  and  the  Continent.  A  substance  which  had 
hitherto  beeti  of  theoretic  interest  only,  and  of  little  use  practically,  was  then 
declared  to  be  a  body  likely  to  he  of  the  highest  practicral  value  in  the  future. 
This  spet'ulative  pronouncement  had  the  effect  of  preventing  workers  from 
putting  it  to  any  pnu!tical  use.  The  fortunate  possessors  of  the  raw  material 
from  which  this  substance  (!ould  be  extrac'ted  did  wliat  most  people  (1<»  with 
a  thing  that  attracts  general  attention,  they  proceeded  to  make  as  much  money 
out  of  the  material  as  they  could  so  long  as  it  held  the  public  mind.  I'he 
result  has  been  that  the  pri(.:es  of  raw  material  and  ()f  purified  material  alike  have 
risen  continuously,  until  at  the  present  time  only  those  wffio  have  large  sums  of 
money  at  their  back  are  able  to  obtain  possession  of  it. 

Radium,  mesothorium,  or  any  other  radioactive  sul)stiinc'e  should  never  be 
bought  without  a  guarantee  as  to  its  genuineness,  its  purity,  and  its  amount. 
This  can  now  be  easily  obtained  at  the  National  Physical  laboratory  at  Tedding- 
ton,  in  England. 


RADIOACTIVE  BXEMENTS 

It  is  necessary,  for  the  better  understanding  of  what  follows,  tliat  a  short  account 
be  given  here  of  the  theoretical  work  on  radioa(!tivity,  in  so  far  m  it  is  necessary 
to  explain  things  of  a  techniail  nature.  The  reader  is  referred  to  Rutherford'% 
book  for  a  full  account. 

Radioactivity  is  an  atomic  phenomenon.  ^  The  radiemetivity  of  a  radium  atom, 
for  instance,  is  due  to  the  element,  radium,  itself,  and  to  that  alone.  It  is  in  no 
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way  increased  or  decreased  when  that  element  is  c‘hemically  taanhined  with  olhvv 
atoms.  It  is  neither  diminished  nor  increiLsed  in  the  least  degree  J>y  suhjt'cting 
the  body  to  any  change  of  pressure  or  of  temperature.  Rmiicmctivity  is  dut‘  to 
the  expulsion  of  certain  radiations,  whi('h  are  c*onveniently  grouptai  undt^r  tlirei* 
heads  according  to  their  penetrating  power.  'Fhe*  least  penetrating  (d  the  thret* 
is  the  a-particle,  or,  as  it  w'as  formerly  (idled,  the  ce-ray. 

Thin  radiation  or  particle  possesj^es  twt>  (Kt.Hitive  charges  of  electricity,  ant!  in  e'^pelletl  by  iliflerrnl 
radioactive  atoms  with  different  velacitien,  all  of  which,  however,  art*  of  the  tatler  of  cineacnth  of 
the  velocity  of  light.  This  particle  has  been  definitely  proved  to  have  an  aloniie  weight  of  alHml 
four,  and  is  indeed  a  charged  atom  of  helium. 

The  most  penetrating  radiation  is  called  the  yTay.  y-rays  an*  of  the  same? 
nature  as  X-rays,  but  many  of  the  y-rays,  though  not  all,  expelled  by  radicmt*tive 
bodies,  are  much  more  penetrating  than  any  known  Xa*ay. 

The  most  penetrating  7-rays,  naniely,  those  from  mt?s<»thorium,  thorium  iind  from  riiiliym  C, 
are  so  |>enclrating  that  more  than  a  eentimelre  of  lead  b  mpiired  to  redure  the  radiation  to  hall 
its  value.  The  intensity  of  the  radiation  in  reduced  in  geometrical  prc'^rtmion,  m  the  tInrkneHt 
thrtmgh  which  it  has  to  jmw  b  increanetl  in  arithmetical  progrcW<in.  Thus,  If  a  rentimelre  itn«l 
a  half  of  lead  reduce  a  mdiathm  tt»  50  |a*r  cent.  it*^  former  hitensity,  three  eentimelre^  will  rriiure 
it  to  25  per  cent.,  four  and  a  half  centimetri**4  will  reduce  it  to  tsi  per  cent,  and  m  on,  It  tliiii 
fKrwible  to  detect  the  y-my»  from  radium  after  they  have  paMseii  through  twenty  criilimrfrr*i  iif  lead. 
Other  hcKlies  tlmorh  these  |H*netrating  riiyi  directly  in  proportion  to  their  drntity.  Thuf,  4uiiiliiiMin 
has  roughly  tme-fiffh  the  density  of  lead.  Therefore  a  sheet  of  the  latter  metal  mu^l  life 
the  thickness  of  one  of  the  former  in  order  to  profitice  an  t*t|ui valent  reduction  in  tlir  itienglli  of 
a  given  radiation. 

The  rays  of  intermediate  ptmetraiing  powi*r  are  (idled  /l»rAyt*  They  are  iil 
the  same  nature  as  the*  edtadrons  or  cathode  rays  wide  h  are  iwoilutiHl  ill  a  vataum^ 
tube  by  a  dischargt^. 

They  |Hisse«  one  n«*giittve  cluugc  ol  ehvlfieity,  And  e»|^tl|it  with  VAtyiitg  in 

magnitude  from  almut  20*9(1  jier  cent,  of  the  velmity  «»{  %hb;  They  nm  able  ift^ttrlralr  up 
to  aliout  iliree  millimetres  of  iduminitim,  and  pr«|Mirfioniil«  rif  oiltri  ind  bodies, 

%  ’# 

Inhere  are  at  present  considerably  over  thirty  bodies  one  or  more 

of  these  three  ty|>es  of  radiations.  Emrli  of  these  taaliw  itn  idertieiil  wtili 
definite  chemical  proia*rtlt%  and  with  an  abioliitely  definite  eiwleii«T. 

A  mdioactivt  clement  differs  in  no  way  eiihttr  in  iti  clirmifal  m  pliytiril  pfiipcrtifi  fctiti 
thiwe  of  any  common  element.  It  howevert  lii  aililltlon,  one  profi^fty  which  wiftwififi 

elements  do  not  po«e%  namely,  lliai  in  a  given  interval  of  time  a  certain  defniiit  pri»|mftioft  of  ilir 
total  number  of  atomi  of  the  radkmetive  etewent  lirtak  up  m  disintrgriile  with  the  eipuhioit  of  «, 

or  7  rayi.  It  m  the  atom  whirh  dklntegriti**^.  Thr  atom,  afirr  the  expiiKhm  of  the  imdiatitm, 
ii  obviously  different  in  nature  to  wiml  It  was  liefitre.  It  h  a  new  atom,  ami  tin*  wholr  tif  the  aiotfri, 
which  are  the  reiultant  of  thb  impukioit,  hum  11  new  Thk  may  b*  iitatk  pkiiiw  by  taking 

an  actual  ««.  Tim  atomic  weight  of  the  element,  uraniuiiit  k  ajH.S.  In  tiny  giwn  ifitroal  iil 
time  a  definite  percentage  of  tin*  total  niimlw  of  .itoms  of  urmiitim  pfrwiit  druiitrgwlf.  Tin 
radiation  expelled  in  thb  ciine  s«  an  a  witlrti  ha*«  an  iitomir  wriglit  of  4.  The  fraitiaiif 

atom  ii  entirely  diiereru  in  naiurr  from  the  itraiiiiim  atom.  li  U  to  tir  rx|it*i*trd  that  a  ili% 
turtmnee  inside  the  atom  itself*  which  Ihm  rr^iiltrd  in  the  i»ii|it4litofi  Itoiti  it  fit  a  prltelr  of  llitt 
magnitude,  has  dkirranged  the  structure  of  the  aloiii  Millkkntly  to  givr  it  ilittrirfil  rheiiilral  ami 
ph^«l  properties.  11ie  utomir  weight  of  tin*  new  alom  h  itb*  four  tniitt  Ic'***  iImii  the  pifriil 
atom.  In  this  pirticukr  ca*ie  the  mttltiiiil  alont  k  riillcd  ufiiitnim  X.  In  at»«ik  wrtiflii  h  3 14. 
ftiid  iti  chemitt.l  pr»|iertie%  rc«tiblt*  very  closely  ihtm  of  thurittwi.  Il  it  iheirfotr  ri^ly  ^|Mtalril 
from  uranium. 

Every  radiemetive  element  except  uraniiim,  thorium,  and  actiniiini  is  the  resulisifii 
or  product  of  some  one  radiemetive  element,  and  every  radiemetive  eleiiictit  is  ttni 
parent  of  some  one  other  element 

VOt.  IL— 2$ 
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Uranium,  thorium,  and  actinium  are  called  primary  radioactive 
bodies.  They  are  not  the  products  of  any  element  known.  They  form  the 
heads  of  the  three  disinteg'ration  series  of  radioactive  bodies. 


A  disintegration  series  is  simply  an  arrangement  of  elements  in  which  every  body  is  the 
product  of  the  one  coming  before  it,  and  the  parent  of  the  one  following  it. 

The  four  things  which  are  of  interest  in  any  radioactive  body  are — 

(1)  What  is  its  period  of  average  life  ? 

(2)  What  type  of  radiation  does  it  emit  I 

(3)  Into  what  body  does  it  disintegrate  ? 

(4)  What  are  its  chemical  properties  ? 

The  first  of  these  requires  some  explanation.  It  has  been  stated  above  that  in  any  interval  of 
time  a  definite  fraction  of  every  radioactive  body  disintegrates  forming  a  new  body.  This  fraction 
is  different  for  each  body. 

If  I^  be  the  number  of  atoms  of  any  disintegrating  body  originally  present,  I^  the  number  after 
a  time  t  has  elapsed,  I^  and  I^  are  connected  by  the  equation — 

log  I^  “  log  I 
•434^ 

X  is  the  disintegration  constant.  It  is  always  determined  experimentally.  1  is  called  the 

X 

period  of  average  life  of  the  atoms  of  the  body. 

’  Any  body  which  disintegrates  or  decays  according  to  the  equation  above  does  so  at  such  a  rate 
that  at  the  end  of  a  certain  interval  of  time  there  is  one-half  of  the  number  of  atoms  present  which 
there  were  ait  the  commencement  of  the  interval.  This  interval  is  called  the  half- value  period. 
The  period  of  average  life  of  any  body  is  1.443  times  the  half- value  period. 

In  the  following  tables  are  tabulated  the  members  of  the  three  disintegration 
series,  the  radiations  emitted  by  them,  their  periods  of  half-value,  and  their 
chemical  properties.  The  chemical  properties  are  for  shortness  expressed  in  terms 
of  those  of  common  elements. 
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A,  The  Uranium  Series 


Name  of  Element. 

Symbol. 

Radiation 

Emitted. 

Half- Value  Period. 

Common  Body 
Possessing  Chemical 
Properties  Most 
Similar. 

Uranium  i 

Uranium  - 

Uranium  Xg  - 

Uranium  2 

Ionium  - 

Radium  -  -  - 

Radium  emanation  - 
Radium-  A 

Radium  B 

Radiam  C 

Radium  D 

Radium  E  -  - 

Polonium 

Uri 

UrXi 

UrXo 

Ur2^ 

lo 

Ra  , 
RaEm 
RaA 

RaB 

RaC 

RaD 

RaE 

Po 

a 

7 

T 

a 

a 

tt,  ^  ‘  ” 

a 

a 

A  T 
/3,  7 
^>7 

a 

5  X  10^  years 

24. 6  days 

1. 15  mins. 

About  10®  years 
About  2  X  id®  years 
2,000  years 

3.85  days 

3.0  mins. 

26.8  mins. 

19.5  mins. 

16.5  years 

5-0  days 

136  day  s 

Uranium 

Thorium 

Tantalum 

Uranium 

Thorium 

Radium 
finert  gas) 
Tellurium 

Lead 

Bismuth 

Lead 

Bismuth 

Tellurium 
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B.  The  Actinium  Series* 


Ciimiutin  Body 

Name  of  E^lement. 

Symbol. 

Radiation 

Emitted. 

Half* Value  Period. 

PoHsoiiing  C‘hemiritl 

Prtifreriiri  Mt»%i 

Similar. 

Actinium 

Act 

None 

Unknowti 

Lantliiiiiuiii 

Radio  actinium 

RaAct 

a»  p,  y 

19.5  days 

riiofitim  S 

Actinium  X 

ActX 

m 

10.2  day» 

Hadtufii  j 

Actinium  emanation 

Act  Km 

a 

3.9  sect. 

Radium  cmaiiittk.iri  .j 

Actinium  A 

Act  A 

a 

o.t»a  sec. 

lellurimti  j 

Actinium  B 

ActB 

P 

30  mini. 

i^tad  1 

Actinium  C 

ActC 

a 

3.1  mini. 

BiMfiuih 

Actinium  D 

ActD 

p.  y 

4,71  mmi. 

Thillkim  j 

1 

a 

The  Thorium  Series 

1 

Uoitimofi  Iliidy  ■ 

Name  of  Element. 

S\  mlMih 

Radiation 

Emitted. 

lialf-Vidiit  Period. 

Powtiing  Chiiiiirai  j 
Profterliei  Motl  i 

Himlittr.  j 

Thorium  » 

Th 

a 

Alloy t  l,j  :m  10*^  years 

1 

llioritsfti  ) 

Mesothorium  i 

MsThi 

Norm. 

s-s  y^*f* 

Ratiiwiti  j 

Meaothorium  2 

M^Tha 

P.  y 

<>.a  hfs. 

i  Aclifiitiiii  anil  i 

1  Liriiliimiiiii 

Radiothorium  » 

RaTh 

ft 

3  year^ 

Tliofitifii 

Thorium  X 

ThX 

3,65  dayi 

RlMltllfll 

Thorium  emanti4on  - 

ThKm 

ft 

’  54 

Midiiitii  riiitifiitiiiin  j 

Thorium  A 

ThA 

ft 

Telltttiuni  i 

Thorium  B 

Thil 

y 

to, 6  hr«. 

i  I  ,etd  j 

Thorium  C 

The 

a,  y 

i  to  mini. 

'  Biifiiiilh  ' 

Thorium  I) 

ThI) 

y  « 

1  j,  1  III  Ini. 

i  Tliftiiittm  j 

i 

I 


One  or  two  altmtitnw  of  a  minor  rliMftct^r  wcmkl  rcr|tiirt?  in  Im  iiiittir  w  ilw  rtlmvt  mWr^  it* 
reprt*i«nt  the  preient  »»tf  of  Icnowlofige.  The  nwiiiilmrt  friili?  to  lifAiirli  fiftKliiitu*  Ttir^r 
proclncts,  howe?er»  lire  of  no  pAclIcttl  iaiw%l.  l*eli  iilnw#  k  tiit  |#tiirtit  of  the 

Wly  following  it  hi  the  tiilik** 

'Except  in  the  mmi  id  thuriiiiri  A  iititl  iirliniuiti  A|  tin*  diciiiititl  |imjii/rtir«  tif 
all  the  radicEdements  have  heeii  ilctcrmiricil  rxpi^riiiiciitiilly»  A  riih?  Iiii»  alici  ta*rii 
found  (Soddy,  CMn.  Mm%  i€|fj»^vaL  107,  a  97)  by  mmiw  of  wliicli,  Irtiiii  11 
knowledge  of  the  ehemicml  pro|w*rtiex  of  iin  dt^itienh  anil  tin*  riicliiititiii'i  expelircl 
by  it  and  by  all  its  produrt«i  the  eheiittcii!  pro|M^rtie^  of  any  fiiifwri{iiciti  nieriifirr 
of  its  disintegration  sertei  <iui  be  jiri*dicted.  Tbrw*  pretlii'tioti«4  in  rveiy  rust? 
agree  with  the  experimenml  results.  It  will  !a*  ti»ert  froiii  the^  tiiblrs  tiiiit  riuiiiitti 
B,  thorium  B,  and  acainiiiin  B  are  nil  dmtilred  m  britig  similar  in  cliciiiiritl 
{)ro|:>erties  to  lead. 

The  imiperiy  of  KttIhi’elemeiiH,  khiig  very  iti  iheiiiiral  |itiiprfiit^  in  rlwiinii^ 

k  one  ot  the  mo^t  eiclriiortiinary_  ptienoitieiiii  lii  llir  stihin  n  liiii  it  m  4  liiiiig  iloil  Kir#ifb' 
rhemical  work.  Thtifiiim  E»  for  wtHtiwiret  k  «»  sliiiilar  Ui  imii  ll«i  Ilirtr  1%  ii#i  kinmii  i4 

«*|mratfng  oue  from  the  «alier,  or  «»i  rvrit  roiicriitruiiiig  out*  iti  »  tiikliiie  of  Imili  iii  tli#  |ri%i  ilrgirr* 
To  ie|mrate  thoriism  B  oilier  rtdt«trlt¥o  tiidirs.  itiereforr*  upf  ftH|tiitr%  oitly  to  iil*l  »  ii»i'r  iif 
leait  to  the  artive  wiltitiou,  ami  ic|»riiic  the  Imd  l*f  iiirihi*tl«.  It  will  Ite'foUfMl  tlai  flitmittii 

B  ti  »t‘{Mtrated  «|uaniitttively  with  it»  aitd  li  free  nil  tiilirr  mMmrnyf^  ultit  h 

have  the  name  chemical  |«fopt*rik^  as  lead,  or  wliirh  Imtr  growii  knm  tfie  ih»irttini  II  iltr 

time  of  amt  die  time  itf  ewtniiiatiom  Tli#  ^iiir  |ifirid|»lr  Citit  Im*  %r|Mfiir 

other  radioactive  element*. 

A  body  is  said  to  be  i>i  et/MiMmum  with  it^  prodiict  w4f«  /li*  mim  0/  Mf 
.affmuf$t  0/  the  pr^iuri  /#  iMi  #/  ike  pannt  imdy  rmiaim  mdiA  ime.  lu 
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such  a  case  the  amount  of  the  product  produced  by  the  transformation  of  the 
parent  substance  in  any  time  must  equal  that  transformed  into  a  third  body.  If  a 
product  be  wholly  removed  from  its  parent  substance,  it  grows  again  in  the  parent 
body  according  to  an  exponential  law  with  the  time  which  is  independent  of  the 
period  of  the  parent  substance  (unless  the  period  be  very  short),  and  depends  on 
the  half-value  period  of  the  product  grown. 

Thus  if  radium  emanation  be  removed  from  a  solution  of  radium  it  decays  to  half  value  every 
3.85  days,  that  is  to  say  in  7.70  days  there  is  only  25  per  cent,  of  the  original  quantity  of  emanation 
left,  after  11.55  days  only  12^  per  cent.,  and  so  on.  But  in  3.85  days  50  per  cent,  of  the  equilibrium 
quantity  of  radium  emanation  has  formed  again  in  the  radium  solution,  75  per  cent,  in  7  70  days, 
87^  per  cent,  in  11.55  days,  and  so  on,  the  rate  at  which  the  emanation  forms  in  the  solution 
depending  only  on  the  half-value  period  of  radium  emanation  and  not  on  that  of  radium  itself. 


Radioactive  Bodies  of  Technical  Importance 

It  is  clear  that  only  bodies  of  reasonably  long*  periods  can  be  of'  technical  • 
importance.  These  are  radium,  mesothorium  r,  radiothorium,  radium  1), 
polonium,  and  ionium. 

It  will  be  noticed  that  four  bodies  of  long  period  have  been  omitted,  viz.,  uranium  i  and 
uranium  2,  thorium  and  actinium.  The  reason  for  the  omission  of  the  first  three  is  that  they  are 
too  inactive  to  be  of  importance,  that  is  to  say,  the  proportion  of  the  number  of  atoms  of  any  of 
these  bodies  breaking  up  per  hour  to  the  total  number  is  so  small  that  they  are  of  no  practical  use. 
The  reason  for  the  omission  of  actinium  is  due  to  the  fact  that  no  one  has  yet  succeeded  in  con¬ 
centrating  it  from  the  large  mass  of  lanthanum  which  associates  with  it  in  the  process  of  separating 
actinium  from  a  mineral.  Were  this  possible,  actinium  would  be  a  body  of  some  technical  importance. 

The  second  and  third  of  the  six  bodies  named  above  belong  to  the  thorium 
series,  the  other  four  to  the  uranium  series.  The  sources  of  these  six  bodies  are 
therefore  the  sources  of  the  two  elements,  thorium  and  uranium. 

Sources  of  Thorium 

The  chief  sources  of  the  element  thorium  at  the  present  time  are  the  monazite 
sand  deposits  of  Brazil,  Travancore,  and  North  and  South  Carolina  (see  under 
Thorium,  p.  292).  Practically  the  whole  of  the  thorium  used  for  making  incan¬ 
descent  gas 'mantles  is  extracted  from  ore  from  these  sources.  As  these  are  the 
best  and  cheapest  sources  known  at  present  for  this  industry,  they  must  also  be 
the  best  and  cheapest  sources  for  mesothorium  and  for  radiothorium. 

The  preparation  of  these  bodies  is,  therefore,  a  by-product  in  the  thorium  industry,  and 
anybody  engaged  in  separating  thorium  on  a  large  scale  can,  by  performing  a  few  more  chemical 
operations,  prepare  at  the  same  time  preparations  of  these  radioactive* bodies. 

There  is  another  source  of  mesothorium,  but  it  can  be  used  only  for  the 
production  of  small  preparations,  and  that  is  the  mineral  thorianite, 

Thorianite  is  a  mineral  found  in  Ceylon,  containing  about  70  per  cent,  of  Th02  and  about 
10-30  per  cent,  of  and  oxides  of  other  rare  earths  (see  p.  296).  Were  this  mineral  to  be  sold 
in  the  market  at  a  cheap  rate  it  would  be  the  best  source  of  all  these  bodies,  for  it  is  much  more 
easily  worked  up  than  monazite  sand.  There  is,  however,  only  a  small  quantity  of  this  mineral  in 
existence,  and  therefore  it  cannot  be  used  to  extract  preparations  on  a  commercial  scale. 

As  the  thorium  industry  has  been  dealt  with  in  a  separate  section  of  this 
work  (p.  291),  it  is  not  proposed  to  deal  further  with  it  here.  This  can  be  said, 
however,  that  as  long  as  the  supplies  of  monazite  sand  are  available,  and  there  is 
no  sign  at  present  that  they  are  approaching  exhaustion,  so  long  will  quantities  of 
mesothorium  and  radiothorium  be  obtainable  as  by-products  in  the  industry. 

Sources  of  Uranium 

The  natural  occurrence  of  uranium  ores  has  already  been  considered  (see  p.  369), 
and  it  will  only  be  necessary  to  consider  here  a  few  details  of  special  interest  in 
connection  with  the  radium  industry. 
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The  original  source  of  uranium,  and  therefore  of  railitiui  nml  the  other  nulit> 
active  bodies  of  the  uranium  series  of  technical  importance,  was  the  pitchblende 
mines  of  St  Joachimsthal  which  are  owned  and  worketl  by  the  Austrian 

Carovern  merit. 

Pitchblende  has  been  tire  most  fruitful  sfairct*  of  raclioatiive  maltiiiik  isp^to  lli«‘ 
present,  and  most  of  the  radium  now  itr  usc»  has  !>een  cxlraclftl  from  this  C)fi\ 
"rh^xse  deposits  are  now  ullegta!  to  1)«‘  worked  out. 

Originally  this  ore  was  s«»hl  a!  sncIi  i\  price  that  aflcf  iil!«»win|4  msf  mI  rsitmciitiii  pf 

radium,  the  radium  nnihl  he  sold  at  less  than  im.  per  milli|tnuniue  of  ruiliiiiii  lifpftiiilf,  tJmilttnllv. 
however,  the  price  of  the  ore  rose,  till  at  the  preHrni  lime  a  milhgraiiiiiir  of  ntfiliiiii 
tthout  ,1^15,  though  as  is  well  known  the  actual  cost  of  rxlrfirtiiig  nuliiiiii  i*ii  a  hitgr  simir  Iwiti  jI 
high  gracie  ore,  such  us  that  ohttiincHl  from  the  Aiislrian  linnet,  mn*  $  ftiiiitgciimmr. 

With  the  gradual  exhaustiem  of  iht*  Si  Joachimsthal  miiirs  and  tin'*  difliriilly 
people  had  in  obtainitrg,  for  any  mcarey  at  all,  nitliiim  frtan  the  Aiisiriiin  Ckiverii* 
ment,  a  gtmtTal  searc'li  was  made  over  the  world  for  new  dr|Misiis.  1‘lir  rriosi 
fruitful  souret*  has  been  l<»ratcd  in  Ameriea,  and  if  loi»k%  a!  prcM'iil  iis  if  tlna’t*  mid 
then*  alone  is  a  elianee  id  olitaining  radium  and  cidirr  |iroc!iicp-t  in  Miflicieiif 
<|uantities  to  meet  tfie  demands  f»f  the*  wt»rl(!. 

The  Cornwall  mines  <»f  England  have*  been  descaibed  m  bring  good  >ioitr«a*H 
of  radium,  and  two  t*om|>anies  have  been  formtal  to  vxtmvi  this  siibsliiiirty  Iriiiii 
them.  It  must  be  tamfessed,  liowever,  lliat  the  resulis  liavt*  <lis«ni|Miiiiliiig 

up  to  the  present. 

Quantities  of  ti  mineral  culled  AutUllitC  (p.  370)  %vert*  r«*reiiitv  diiciiwrecl^  in 
Portugal  Autunite  is  a  phtmphati*  of  ciilcium  iind  of  iiniiiiiitii  of  great 
when  freed  from  the  gangiie  with  which  it  in  iwiioriaiecl.  Miirli  nl  ilie  111 

ec|uilibnum  with  the  uriinium,  however,  hiis  breti  wiistii'd  awii)  from  it  bv  |wa’«aili.iliiig 
water.  There  is  no  evitlenrc*  that  anything  more  than  a  few  litiiitlrrtl  itiilligritiriiiirx 
of  radium  bromide  hiivt*  Inatn  exinicted  from  itiis  scnirer. 

The  most  impcirtant  tae  in  Americ'it,  ancl  inilfa**!,  the  niosi  iiii|iiiftiiftl  mid 
most  fruitful  ore  of  radium  kmiwn  at  the  present  fimr,  in  C»rtt0tlt0  (p. 

It  must  he  understood  that  the  exiriiiiitiii  of  iiriiiiitiiii  ores  oti  11  iitrge  hviiIv  tin.*i 
only  just  eommemxHi  in  the  United  Slates.  Until  it  year  i#i  so  ha*  ektpMal*  it  will 
rmt  Ik*  possible  for  anycaif*  lt»  say  dttfiiiitely  mliitl  tpiitiility  of  rinliiifii  1  iiii  tn  teil 

from  these  mines.  At  present  wc*  are  confinia!  to  v%tmmtvn  litaili*  by  r%|i«^rtx  *m 
tlie  Kjiot,  Otlekls  from  thi*  llureiitt  of  Mints  hitvi*  drrliiml  llift!  iliite  1% 
ore  in  C'okirado  iu  produce  ill  Icfwt  lio  of  piire  nitltiifii.  11ii%  r*  itie  Inwisl 
e^tiniiite  of  all  Otherfi  have  plitetal  llie  figure  m  liigli  m  t|00  gt 


The  Manufacture  of  Eadiiim 

Until  recently  the  rtianiifiirture  of  riidiiiri'i  Iiiis  Imii  ciirricil  on  in  Friiiiia*, 
(.fermany,  iind  in  Austria.  Even  tht?  t>re  oblaiiied  iroiit  tli«*  (Cornwall  iiiiitis 
mostly  shipped  to  Frnnee  to  he  worked  iip.  In  Aiiiericit  ttfiil  Aii^trithii  radiiiiii 
is  now’’  being  extractial  Hie  essential  melhods  itf  tmitiiieiii  mv  of  cmir^r  well 
known,  and  all  that  In  ret|iiired  t\  the  adapliiiioit  of  tlent*  to  thr  itiinenil  cariioiitty 
a  mineral  which  is  easier  to  work  up  than  pitcdibkiiclr. 

A  Haticmal  Hacliiiin  Iiwiiuiie,  IrAving  n  figlii  Ih  w^iti  I'ritiiiii  rlmtvt  m  lirnvr#,  r*  Alertly  I  nil  |i 
at  work  In  ffinjunctkiri  with  tlir  nf  awfi  iilfinwly  om  umn  t4 

carnetite  tm  haw  Iwri  miiteil  A  gfixit  drill  «»f  urr,  r^puflril  1*1  tht 

Continent,  and  there  jiiii  prwnt  grrm  11  Urnitiiift  lut  It  lli4t  r4fii«iiiir  i  m  Miilr 

aa  one  fwr  cent,  nratiititii  innl  a  iip  iln»  Cofififwiin 

The  Curie-Debierne  Process  of  Radium  Extraction.  In  <  vim.  ting 
radium  from  any  uranium  ore,  the  mo»t  itniwwtanr  r>|»er,«t!0!i‘.  arc  ih«  M-jiai.iiion  i»! 
the  rnineral  proper  fr<*m  t}«‘  gan«iu*  and  iinpnrtlii'si  which  arc  innicil  with  it,  Urn 
solution  of  the  mineral,  th<!  separation  of  the  radium  with  the  iKoitiiu  of  lh«*  mineral 
as  sulphate,  and,  lastly,  the  fmetkmation  of  the  liarimn  radium  prodm  t  to  obtain 
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pure  radium.  The  first  of  these  is  efiected  by  mechanical  or  other  means,  whic'.h 
need  not  be  discussed  here.  I'he  reagent  for  effecting  solution  of  the  mineral 
depends  on  the  particular  composition  of  the  mineral  In  the  case  of  car- 
notite,  which  is  now  the  most  abundant  ore,  the  solvent  is  a  dilute  solution  of 
hydrochloric  acid.  From  this  solution  the  bodies  whose  sulphates  are  difficultly 
soluble  are  precipitated.  In  these  insoluble  sulphates,  the  radium  of  the  mineral 
is  found  in  almost  quantitative  amount,  as  radium  sulphate  is  even  more  difficultly 
soluble  than  barium  sulphate.  The  sulphates  are  then  converted  into  carbonates 
by  vigorous  boiling  with  sodium  carbonate  solution,  filtering  and  washing  free  from 
sulphate.  The  carbonates  are  then  treated  with  pure  hydrochloric'  acid,  whic'ii 
dissolves  the  alkaline  earths  and  radium.  From  this  solution  the  latter  may  be 
precipitated  as  sulphates  by  sulphuric  acid,  converted  back  into  c:arbcnmtes,  and 
the  carbonates  dissolved  again  in  pure  hydrochloric  acid.  lit  this  way  barium  and 
radium  are  separated  from  the  other  impurities,  namely,  iron,  lead,  and  calcium, 
which  are  usually  associated  with  it 


According  to  R.  Sternlicht  (Ckem.  I9l4i  38,  49),  pitchblende  (average  uranium  content, 
45  per  cent)  is  worked  by  this  process  at  the  Austrian  State  radium  factory  m  follows  j—Thc 
uranium  ore  is  roasted,  the  uranium  removed,  and  the  residual  sulphates  of  ('a,  Ba,  Kr,  and  Ra 
which  remain  are  converted  into  carbonates  by  toiling  with  concentrated  NtgCOn  solution.  The 
carbonates  are  then  converted  into  chlorides,  and  the  radium  se|mrated  by  fractional  crysiallwatitm 
of  the  chlorides.  The  process,  however,  is  very  liihorious,  and  yields  only  80  |)cr  cent,  of  the 
original  radium  content. 

The  French  factory  of  Armet  de  Lisle,  however,  extracts  the  radium  directly  from  their 
uranium  ore  by  treating  with  HCl.  They  work  with  materials  containing  only  a  very  low 
percentage  of  radium,  principally  ** uranium  mica,”  “uranium  ochre,”  oirnotite,  and  autunite. 
They  attain  a  yield  of  70  per  cent,  radium,  but  the  process  Is  difficult  and  coitly. 


The  Ulzer-Somner  Method  of  Radium  Extraction  (see  English 
Patent,  19,820,  3otb  August  1909),— The  material  containing  radium  is  first  treated 
with  concentrated  HgS04for  some  weeks  at  the  normal  temperatures,  or  a  few  hours 
at  a  boiling  temperature,  or  it  is  fused  with  acid  sulphates ;  and  the  residue  remaining 
after  repeated  washing  is  boiled,  under  pressure,  with  concentrated  solutions  of 
caustic  alkalis  or  alkali  carbonates,  or  is  melted  therewith  ;  the  melt  is  treated  with 
water,  and,  after  further  repeated  washing,  the  residue  is  boiled  with  dilute  sulphuric 
acid.  The  same  effect  is  attainable  by  treating  first  with  alkaline  agents  and 
then  with  acid  agents.  The  residue  which  remains  (about  0.5  per  cent  of  ore) 
contains  all  the  radium  as  RaSO^. 


The  following  example  k  quoted  kiloi  of  finely  grouml  pilrhbkiitlr  rewilui*  are  htatwl  with 
about  400  kilos  of  auck  concentrat«l  HgSOi  for  several  hmir%  until  the  acid  togiiii  lo  ftime  When 
the  dark  brown  cedour  of  the  mixture  has  changed  to  light  br«iwn  or  the  pwred  fiitir 

iq-20  times  its  volume  of  ILOi  toiled,  settled,  and  solutton  cleranteiL  Ti«*  re#li»  i%  wftAwt  twice 
with  water,  collected  on  a  filter,  and  dried.  The  residual  maw  C4S’S0  kik»)  now  httifetl  with 
i|o-i50  kilos  of  commercial  NaOH  in  iron  crucihlei  for  one  to  two  limiw  until  llitirowglily  nwlietl. 
The  mass  is  tolled  seveml  tim«  with  ILO  (1,000  lltrci  ^eh  time),  drcmtwl,  and  iltereii 
The  moist  residue  is  Wed  with  5  kilos  of  dilute  (m  iwr  cmt.)  ilttieil,  aiid 

o..5:f.  of  crude  sulphates  remain. 

The  radium  faett^ry  In  Neulenlmch  use  this  pocew  with  good  recovering  97-98  |ier  rent, 

of  ladium. 


W.  F.  Bleecke  and  the  Standard  Chemical  Co.,  of  llit^hurg,  U.8.A.,  «iM«t  rr^tiog  the 
Carnotite  ore  M  follows  C«e  U.S.A.  Patents,  1,068,7 »,  if  ij,  and  1,^5,581,  ifit) ?—Thr  Inriy 
powdered  camotite  ore  k  »ufce«lvtly  treated  with  (*)  &  »lutltm  of  M»C)II  awl  MigCO,  ti>  form 
p^ly  ^Ittble  vanadates  ®n<l  tnioluhlt  sodium  uwntte.  |a)  The  rtshtue,  after  wmliliig,  k  mimrlml 
with  dilute  HCl  to  produce  radium,  vanadyl,  and  uranyl  clilorldts.  (j)  Ma^tOg  h  arldeti, 
whereby  RaCO*  is  precipitated,  mHlium  vanadate  (prtlf  iolttfile)  tnd  Wlwi  nrtnyl  rartamate 
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by  simple  reduction  of  the  insoluble  sulphates  to  sulphides  in  a  current  of  coal- 
gas,  or  other  reducing  atmosphere,  followed  by  solution  of  the  product  in  acid. 

E.  Ebler  and  W.  Bender  {Zeih\  Chmt.,  1913.  83,  redueing  the  dry 

powdered  crude  “sulphates”  of  radium,  barium,  etc.,  to  sulphides  by  nuxing  with  ciddum  hydudr, 
pressing  into  a  crucible,  and  kindling  as  in  the  aUmuao-thermic  n^ethtah  when  the  following  clumge 
takes  place  :“-“RaS04  +  4Cari2=RaS  t  4CaO-f4H.j.  The  reaction  prcKluet  In  cooletl,  powdered, 
rapidly  dissolved  in  hot  dilute  IICl,  and  the  HgS  expelletl  by  boiling.  The  Vh  present  reiniiinM 
undissolved  as  PbS,  also  SiO^  is  insoluble.  The  whole  of  the  radium  is  itien  se|mrat€?<i  m 
pure  radium-barium  chloride,  by  evaporating,  if  necessary,  and  treating  with  H(1  gas  until  &\nmt 
75  per  cent,  of  the  Ba  is  deposited.  A  total  recovery  of  75*80  per  cent,  of  the  Ra  k  claimed. 

R.  Stcrnlicht  {Chem,  ZeiL,  1914,  38,  49)t  however,  criticises  adversely  the  metluKl,  on  arctmnt 
•of  the  technical  difficulties  evolved,  the  cost  of  the  C’alhj,  the  rapid  re»cmidation  of  tire  predpitatwi 
sulphides  to  sulphate,  and  the  fact  that  it  can  only  1«  applied  to  ores  rich  in  radium  and  |)cMir  In 
barium. 

Separation  of  Radium  and  Barium.— The  hint  stage  in  the  operations 
consists  of  the  separation  of  the  radium  from  the  Inirium  by  fractional  crystallimtion 
of  either  the  bromide  or  the  chloride.  Formerly  this  crystallisatitm  was  effected  with 
the  chloride,  later  the  bromide  was  used  instead,  as  the  operations  were  much  more 
rapid;  but  owing  to  the  fact  that  the  chloride  is  a  much  more  stalde  compound  than 
the  bromide,  and  parts  with  its  halogen  much  less  readily  on  keeping,  fractionation 
is  now  conducted  on  the  chloride.  To  carry  out  this  operation  we  proceed  in  the 
usual  way,  the  operation  depending  on  the  fact  that  radium  chloride  is  less  soluble 
in  hydrochloric  acid  than  is  barium  chloride. 

Kunheim  &  Co.  (German  Patent,  264,901,^1912)  propcwe  to  effect  the  scpratitin  of  Bi  aii«l  Ri* 
by  using  such  salts  as  picrates,  hronmtes,  ami  femcyanidcs.  Ah  tolvent*,  itlctihitl  anil  aceilc  acid 
may  be  used  instead  01  water. 

E.  Ebler  and  W.  Bender  [Zsitx,  mmrg  Ckfm.^  1913,  84,  77’90  thr  mt  of  hyilwted 

manganese  dioxide  as  an  absorl>ent  for  radium-hiitium  rnlts.  The  proeenH,  however,  according 
R.  Sternlicht  {CAem.  I9I4»  3%  49)»  has  m»t  come  into  gcncriU  usi?. 

Most  of  the  radium  on  the  market  is  in  the  form  either  of  t'hloride  or  of  bromide. 
It  is  usually  sealed  up  in  tubes  of  thin  glass,  the  reason  for  doing  so  being  not 
only  for  safety,  but  also  to  prevent  escape  of  the  emanation,  and  with  it  its  products, 
which  together  contribute  tnemselves  more  than  three  times  the  activity  of  mditini 
itself  measured  by  a-rays,  and  the  whole  of  the  activity  measured  by  0-  and  y-imyi 
(see  Table  A  above).  It  is  essential  that  the  salt,  whether  it  tie  pure  or  whetner  it 
be  mixed  with  barium  salts,  be  quite  dry  before  it  is  sealed  up.  If  jt  is  not,  the 
inerme  in  pressure  inside  the  tube  due  to  the  formation  of  hydr^en  and  oxygen  by 
the  action  of  the  radiations  on  the  water  may  cause  the  tube  to  bunt,  arid  the 
material  to  be  scattered  about  and  lost. 

Of  the ‘Chemistry  of  radium  compounds  little  need  be  said,  except  that  they 
resemble  very  much  the  corresponding  compounds  of  birium. 

Radium  sulphate  is  more  insoluble  than  barium  itilphaft,  raditim  chloriiltt  more  in»>luble  in 
hydrochloric  acid  than  Imrium  chloride,  radium  bromide'  more  inutduble  in  byilrtibroinic  acid  than 
barium  bromide.  Radium  earbtri^te  i«  eastly  silubte  in  hydrt'ichlorif!  acitl.  Racliiiftt  tiielal  hm  tetii 
prepared,  but  it  is  vtry  rapidly  oxidised,  and  is  of  strictly  icieritifie  interest  only. 


The  Separation  of  Ionium,  Radiolead,  and  Polonium 

Of  these  three  bodies  the  most  useful  for  medical  purposes  ifi  polonium. 
Polonium  is  useful  because  it  expels  an  a»my  of  iiiodcrttely  great  penetrating  power, 
and  can  be  easily  obtained  pure  and  in  a  highly  concentrated  condition. 

Preparations  of  ionium  have  also  been  placed  on  the  market  by  a  Hamburg 
firm,  and  it  is  very  probable  that  for  some  technical  purposeii  prc|»raiions  of  this 
body  will  be  used  in  the  future. 

Ionium  is  the  parent  substance  of  radium.  It  is  therefore  found  in  all 
minerals  which  contain  uranium  and  radium.  Its  chemistry  may  Im  stated 
accurately  in  a  sentence.  It  is  so  similar  in  all  properties  to  the  element  thorium 
that  it  is  impossible  for  it  to  be  sepuaied  from  that  body  when  once  the  two  have 
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been  mixed.  In  working  up  any  mineral  on  a  large  scale,  the  ionium  is  quantita¬ 
tively  separated  with  the  rare  earth  constituents,  and  in  the  fractionation  of  these 
bodies  by  the  usual  methods  it  associates  itself  quantitatively  with  thorium.  The 
whole  of  the  ionium  constituent  of  any  uranium  mineral  can  therefore  be  obtained 
by  fractionating  the  rare  earth  constituents  of  it,  and  separating  out  and  purifying 
the  thorium  by  the  well-known  methods.  There  is  not  the  slightest  risk  that  any 
of  the  ionium  will  associate  itself  with  any  body  other  than  thorium. 

Preparations  of  ionium  have  been  obtained  weighing  several  grammes,  and 
equalling  in  a-ray  activity  30  milligrammes  of  radium  chloride. 

Most  of  these  preparations,  however,  consist  of  thorium  with  a  few  per  cent,  of  ionium  only. 
Owing  to  a  relatively  great  amount  of  an  almost  inactive  body  being  associated  with  a  small  quantity 
ofa  very  active  body,  much  of  the  usefulness  of  the  ionium  is  lost.  Pure  ionium  can  be  obtained 
by  working  up  a  uranium  mineral  which  contains  no  trace  of  thorium  at  all,  but  such  minerals  have 
not  yet  been  located,  though  in  many  the  amount  of  thorium  present  cannot  be  detected  in  the 
gramme  or  two  of  it  used  for  making  a  quantitative  analysis. 

Radio  lead  is  a  name  given  to  radium  D,  containing  radium  E  and  polonium 
in  equilibrium  with  it,  in  other  words,  to  an  old  preparation  of  radium  D.  The 
reason  for  its  being  called  radiolead  is  that  it  was  always  found  with  the  lead 
impurity  of  a  uranium  mineral.  Radiolead  is  of  technical  importance  only  because 
it  grows  polonium.  Neither  radium  D  nor  its  product,  radium  E,  expel  any 
radiation  except  feebly  penetrating  /3-  and  y-rays,  nor  is  it  possible  to  obtain  radium 
D  free  from  the  relatively  large  mass  of  lead  which  is  separated  with  it  from  the 
mineral. 

^  Radium  D  is  so  similar  to  lead  in  all  its  chemical  and  its  physical  properties 
that  it  is  not  possible  for  it  to  be  separated  from  it,  or  even  concentrated  in 
a  mixture  of  both  substances.  All  uranium  minerals,  with  one  or  two  minor 
exceptions,  contain  lead  as  an  impurity;  the  few  which  have  no  lead  have 
none  because  the  lead  which  it  originally  contained  has  been  removed  from  it  by 
percolating  water  or  other  natural  agencies,  which  often  remove  at  the  same  time 
a  good  proportion  of  the  radium  content,  and  of  the  radium  D  content.  For 
this  reason  it  is  impossible  to  obtain  pure  radium  D  from  a  radium  mineral.  If 
a  preparation  of  nearly  pure  radium  D  be  wanted  for  any  purpose  it  niay  be 
obtained  as  follows : — To  an  old  solution  of  radium  salt  add  a  few  milligrammes 
of  lead  in  the  form  of  nitrate  free  from  sulphate,  heat  the  solution  to  boiling,  and 
add  to  it  excess  of  a  solution  of  HgS  in  water.  The  whole  of  the  radium  D, 
radium  E,  and  polonium  which  have  formed  in  the  radium  solution  are  precipitated 
quantitatively  with  the  lead  as  sulphide.  This  precipitate  may  be  then  filtered  off 
and  used  as  a  source  of  radiation  on  the  filter  paper. 

The  only  lead  or  other  impurity  associated  now  with  the  radiolead  is  the  few  milligrammes  of 
lead  that  were  added  to  the  radium  solution.  If  this  operation  be  performed  once  only,  a  small 
quantity  of  the  radium  will  be  found  present  with  the  radiolead.  This  can  be  removed  by 
dissolving  the  lead  in  acid,  repeating  the  precipitation  with  H2S,  and  filtering,  the  radium  impurity 
remaining  in  the  filtrate. 

The  methods  for  the  separation  of  polonium  from  a  mineral  depend  on 
the  fact  that  polonium  is  the  missing  top  member  of  the  sulphur,  selenium,  and 
tellurium  series  (group  VI.  B  of  the  Periodic  Classification).  The  method  for  its 
separation  from  a  preparation  of  radiolead  depends  on  the  great  ease  with  which 
it  is  deposited  on  plates  of  metal  when  these  are  dipped  into  a  solution  con¬ 
taining  it. 

After  tellurium,  the  body  which  polonium  resembles  most  is  bismuth.  In  any 
technical  process  of  working  up  a  uranium  mineral  it  is  necessary,  therefore,  to 
examine  the  bismuth  constituent  of  the  mineral  when  it  is  separated  out,  and 
from  this  to  concentrate  the  polonium.  Thus,  from  one  ton  of  Joachimsthal  pitch¬ 
blende,  about  3  kg.  of  bismuth  oxychloride  are  obtained.  This  contains  the 
greater  part  of  the  polonium  content  of  the  mineral.  From  it  Mme.  Curie 
separated  the  polonium  from  the  bismuth  by  fractional  precipitation  of  the  basic 
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nitrate  with  water,  by  fractional  precipitation  from  solutions  inade  very  acid  with 
hydrochloric  acid,  and  by  sublimation  in  vama.  loiter,  Marckwald  separated 
it  from  bismuth  and  other  impurities  by  immersing  a  plate  of  silver  or  of  c'opper 
in  a  hydrochloric  acid  solution  of  all,  the  pokmiuni  being  depcisited  on  the  plate 
in  almost  quantitative  amount.  He  found  also,  by  adding  a  small  <|uantity  of 
stannous  chloride  to  the  solution  of  polonium  and  impurities  in  hycIroHdoric*  lu^id, 
that  the  tellurium  impurity,  and  with  it  the  poloiuum,  were  pre<apitated.  From 
this  mixture  most  of  the  tellurium  could  be  removed  from  the  polonium  l)y 
dissolving  both  in  not  too  acid  a  solution,  adding  hydrazin  liydrate  (which  pre^ 
cipitates  the  tellurium,  but  not  the  ])olonium),  and  precipitating  tlu*  pc^ltmium  frmn 
the  solution  by  stannous  chloride.  I'his  is  at  present  tite  best  method  known 
for  separating  polonium  from  a  mineral. 

When  polonium  has  to  be  separated  from  a  preparation  (jf  radioltmch  the 
procedure  is  much  simpler.  If  the  radiolead  preparation  contains  much  lead,  all 
but  a  few  milligrammes  must  be  renKJVtal  by  fractional  ('rystallisation  of  the  nitrate 
from  a  solution  of  nitric  aend.  To  c'arry  this  out  the  preparation  of  radiolcatl 
containing  the  lead  is  dissolved  in  nitric  acid,  and  evaporatetl,  till  on  t^ooling  sonic 
of  the  lead  crystallises  out.  Most  of  the  polonium  remains  in  the  solution  with  the 
rest  of  the  lead.  This  operation  is  then  repeated  several  till  only  a  small 

quantity  of  lead  (a  few  milligrammes)  remains.  The  sfilution  can  ihcii  be 
evaporated  to  dryness,  and  redissolved  in  the  smallest  cpianiity  of  hot  water 
necessary  to  effect  solution.  In  this  solution  is  rotatcal  a  clean  c*oppcr  plate*, 
varnished  on  one  side  with  Brunswick  black  or  other  similar  material  to  prevent 
■deposition  on  it  of  the  polonium.  After  al>out  ten  minutes  the  pktt*  t'lm  be 
removed.  The  greater  part  of  the  polonium  in  the  solution  will  be  deposited  on 
the  plate.  In  many  cases  the*  proportion  is  as  high  as  95  per  cent.  If  the  anioiint 
of  lead  associated  with  the  radiolead  be  small,  the  prc‘!imiiiitry  opcralioii  tif 
removing  the  lead  by  fractional  cTystidlisaticm  may  lie  omiued. 

Preparations  of  {lolonium  may  be  used  for  all  jairposes  in  wliich  a  very  sirotig 
source  of  cvrays  in  a  cxmcentriitcd  form  is  rec|U}red.  Polonium  posscsHcs  the 
advantage  over  ionium,  that  tin?  former  can  be  prepared  in  a  more  highly  purifital 
form  than  can  the  latter.  Ionium,  howevei,  owing  to  its  long  hiilf'Value  period, 
may  he  looked  upon  as  being  |Rjrmanent  in  its  activity.  A  |>re|iitriiticin  of  tiotoiiiutiii 
on  the  other  hand,  decays,  falling  every  136  days  to  half  viiluc,  only  fiboiit  one- 
seventh  of  the  total  amount  at  the' Spinning  of  a  year  existing  fit  the  oticJ  of  it. 

Other  methods  for  purifying  radium  E  and  polonium  are  dcicribed  by  A.  H, 
Russell  and  J.  Chadwick  (/%iZ  1914,  2^,  112). 


The  Separation  of  Mesothorinm  and  Radiothorinm  from 
Thorium  Minerals 

The  radioactive  body,  mesothorium,  hm  mttw  greatly  to  the  fore  within  the 
last^  two  or  three  years  as  a  serious  rom|Haitor  with  nidium  in  the  radium  markets. 
Owing  to  the  very  large  quantity  of  ttiorium  used  in  tlic  gm  mantle  iiidiislrfi  in 
which,  as  has  been  stated  a!>ove,  mesothorium  is  a  by  prodiui,  it  wd!  prtibalily  he 
very  largely  manufactured  in  the  future.  Owing  to  the  fart,  however,  that  thorium 
forms  only  a  very  small  percentage  of  the  (*f>nstttucnts  of  mona/itt*  %mul,  and  that  iii 
product,  mesothorium,  associfites  itself  with  the  insoluble  siilphatc  icsidiies  of  llir 
mineral,  the  extraction  of  mesothorium  from  mona/itc  in  a  somewhat  ctmtly  proce^M. 
Another  disadvantage  which  attaches  to  it  is  that  it  is  not  pcrmiinciii,  but  dccitys, 
its  half- value  period  being  5.5  years. 

Mesothorium  is  identical  in  chemical  properties  with  riidium.  Pure  mesothorium 
behaves  exactly  as  though  it  were  radium.  If  mciothorium  and  radium  are 
mixed  together  they  cannot  afterwards  be  s€|»rateci 

To  separate  mesothorium,  therefore,  from  any  mineriil,  it  is  necessary  only  to 
add  a  little  barium  chloride  to  a  solution  of  the  mineral,  to  prc?c:i|iiti4l.e  tin? 
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barium  as  sulphate  from  this  solution,  and  to  fractionate  the  insoluble  sulphate 
precipitate  by  exactly  the  same  methods  as  are  used  for  fractionating  radium. 

If  the  mineral  shows  from  its  analysis  that  it  contains  barium,  it  is,  of  course,  iu>t  necessary  to 
add  any  barium  salt  to  its  solution. 

All  the  methods  employed  at  present  in  pre|mring  mesothorium  on  a  large 
scale  are  based  on  this  general  method. 

P'or  instance,  in  the  first  stage  of  the  chemical  treatment  of  mona/.ite  sand 
for  the  extraction  of  thorium  the  mineral  is  heated  with  about  twice  its  own  weight 
of  sulphuric  acid.  The  resultant  mass,  when  cold,  is  treated  with  water  and  the 
whole  left  to  settle.  The  thorium  itself  goes  mainly  into  solution.  Now  if  a  little 
quantity  of  barium  is  added  either  before  or  during  the  treatment  of  the  ore  with 
sulphuric  acid,  the  mesothorium  will  be  separated  from  the  soluble  thorium  after 
the  treatment  with  water,  associating  itself  with  the  difficultly  soluble  sulphates. 
Barium  and  mesothorium  can  then  be  separated  from  the  other  sulphates  by  the 
ordinary  methods  used  for  purifying  barium  under  such  conditions,  I'he 
mesothorium  is  finally  separated  from  barium  by  fractional  crystallimtion  of  the 
chloride.  The  preparations  of  mesothorium  on  tine  market  are  usually  in  the  form 
of  chloride  sealed  up  in  glass  tubes.  The  impure  pre|mrations  contain  in  addition 
both  barium  and  radium.  The  purest  contain  radium  only  as  impurity.  The 
reason  for  the  presence  of  the  radium  is,  of  course,  that  mesothorium  and  radium 
have  the  same  chemical  properties,  and  therefore  all  the  radium  of  the  mineral 
gets  concentrated  with  the  mesothorium.  If  the  thorium  mineral  contained  no 
uranium  whatever  there  would  be  no  radium  content,  but  most  thorium  minemls 
(including  monazite  sand)  contain  a  small  percentage  of  uranium,  and  therefore 
some  radium,  and  this  is  separated  with  the  mesothorium.  In  most  firepar&tions 
of  mesothorium  now  being  sold  about  8o  per  cent  of  the  activity  of  the  whole 
preparation  is  due  to  the  mesothorium,  and  as  much  m  20  fair  cent,  to  the  mdium 
with  it  Weight  for  weight,  however,  the  preptmtion  contains  iilrout  99  per  cent 
radium  chloride  and  i  per  cent  mesothorium  chloride,  the  radium,  having  much 
the  longer  period  of  average  life,  being  present  in  much  grmter  ma«i  than  the 
mesothorium.  The  radiations  from  an  old  prefmration  of  mesothorium  are 
essentially  the  same  in  nature  as  those  from  radium.  All  three  types  of  radiations 
are  expelled  by  it.  Mesothorium  itself  is  rayless,  but  its  first  pr^roct,  meiothorium 
2,  expels^  a  powerful  and  y-radiation.  This  k'ldy  ii  very  short-lived,  forming 
radiothorium  which,  with  its  products,  gives  a  powerful  a-radiation.  This  radiation 
can  be  made  use  of  only  when  the  prepamtion  is  removed  from  the  tube,  since  the 
glass  walls  of  the  tube  absorb  most  of  the  )S-rays  and  all  of  the  a-rays  emitted  by 
She  products. 

Owing  to  the  formation  of  the  radiothorium,  a  hniy  having  a  halfivaliie  iierkKl 
of  about  two  years,  and  the  fact  that  mesothorium  itself  has  a  Imlf-vtliie  period  of 
5.5  years,  the  a-ray  activity  of  a  preparation  of  mesothorium  steadily  inercasis  for 
about  4-6  ymm.  During  this  time  the  and  y-activity  is  augmented  owing  to  the 
formation  of  thorium  C  and  thorium  D.  After  that  time  all  three  types  of  ridirtion 
decw  In  intensity,  exponentially  to  zero,  with  a  period  of  5.5  yetri* 

Kadiothorium,  the  other  important  rmdimetive  constituent  of  thorium  mineral^ 
cannot  be  separated  dir^tly  from  the  mineral  The  reaion  for  this  Is  that  ridio» 
thorium  and  thorium  have  identical  chemical  pmfwrtiei.  Nobody  who  has  attempted 
the  separation  of  th^  two  bodies  h«  been  able,  up  to  the  present,  to  effect  a 
sepwation  or  to  detect  the  slightest  difference  in  any  of  their  cncmical  properties* 
The^  radiothorium  of  a  mineral  is,  therefore,  ^seimrated  ciuamitativtly  with  the 
thorium.  The  only  niethod  of  preparing  radiothorium  is  to  pm|mrc  it  from  1 
quantity  of  mesothorium.  A  pre|»ration  of  pure  m«otborlum,  after  Wog  left 
for  a  year  to  grow  radiothorium,  is  diiiolved  m  a  tittle  hydrochloric  acid*  A 
solution  of  a  small  quantity  of  aluminium  nitrate,  or  of  any  inorganic  body  which 
is  precipitoted  by  ammonia,  is  added  to  the  solution,  and  the  whole  wtumted  with 
ammonia  .gas.  The  aluminium  is  precipitate  as  hydrate,  and  with  It  Ii  prtcipllal^ 
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the  whole  of  the  radiothorium.  1'he  mevSOthorium,  arid  any  radiuni  present,  reinain 
in  solution.  I'he  amount  of  aluminium  luaressary  to  he  addc‘d  is  simply  enough 
to  be  conveniently  filtered,  /.f.,  about  a  milligrarnnu*  or  two.  Many  of  the 
preparations  of  commerce  contain  thorium,  this  body  having  hi*en  used  instead  tif 
aluminium  in  the  precipitation  of  radiothorium  by  ammonia. 

Radiothorium  has  two  uses  in  medic*al  work :  it  is  not  only  the  producer 
of  a  constant  supply  of  thorium  emanation,  but  also  tlu‘  producer  tif  the  highly 
active  deposit  of  thorium. 

In  order  to  get  a  plentiful  supply  of  emanation  from  a  prt‘{mnition  of  riMhO' 
thorium,  the  substance  should  be  placed,  in  a  slightly  state,  in  a  tube  with 

narrow  ends.  By  means  of  suitable  apparatus  a  current  of  air  may  be  passed  over 
the  preparation,  removing  much  of  its  emanation,  whic'h  may  Im  inhnltaJ  or  pul 
to  other  use. 

For  many  purposes  in  nknlitml  treaOnent  with  riulioactive  pre|mnititms  ii  t€rti|)«riiry  iirlivity 
only  is  required.  For  instance,  it  may  hv  neCi'sHjtry  fta  the  imuriit  ti*  liwallow  mme  radioirtKr 
material.  It  would  he  manifestly  unwise  t<i  put  a  valuahle  prrparatinn  tti  this  Tlii»  difftcwlty 

may  be  overcome  by  separating,  by  chemical  meanii,  thorium  X  from  the  rati  lot  ht»r  him  prrpitmlion. 
The  whole  of  the  thoruun  X  may  be  easily  renmved  by  dimtilving  the  railiothorhiin  in  arid  iiml 
|Mssing  in  ammonia  gas.  This  precipitates  the  ritdhahortum  and  its  luiclcus  leatmg 

m  solution  the  thorium  X,  which  w  chemically  itlemticii!  with  riyliiim  amt  itir»'»tlioihifii.  Thr 
ammonium  stilts  may  be  removed  by  evt|wration  of  the  lohitlori  ami  igihtion,  iind  llie  thiiritiiii  X 
may  then  lie  redissolved  ami  used.  The  activity  of  thr  radiothorium  it  ihu»  niiy  ilrstroyrd.  for  lii 
a  month’s  time  it  has  grown  its  equilibrium  amount  of  thorltim  X  again,  and  lhi»i  t|iitiiuiiy  can  lir 
separated  as  before  if  it  be  necessary. 

It  may  be  pointed  out  that  thorium  X  cannot  lie  ohlttin«l  In  this  wiy  from  owing 

to  the  identical  projiertieM  of  the 

Radiothorium  loses  its  activity  much  more  quickly  tluiu  mtmiithoriuiih  falling 
to  half  value  every  two  years,  d'hus  after  ten  years  only  about  3  per  cmh  of  the 

original  quantity  of  material  is  left. 

Methods  of  Testing  the  Strength  of  Radioacti’re  Bodies 

The  strength  «>f  any  railioactlvc  body  measured  by  the  inletwiiy  ritliei  of  ii%  a  of  in  y  ravi, 
and  all  activities  are  referred  to  the  a-ray  aetivlty  of  1  g.  of  railium  in  llir  foriii  of  inelAl,  or  10  ilir 
7-rty  activity  of  the  quantity  of  rtwlhim  C  *  In  t‘f|ttilihrluiii  wlili  1  g,  of  ritiMufii  itietal,  The  ittfiiiiiiit 
of  fEdium  emanation  In  etiuilibrium  with  1  g.  of  mm  mdlimi  ititlal  h  ralkil  a  Cttrit. 
roiUicuries  of  emanation  k  the  amount  «»f  tmanatlon  lit  tqwililtriiiiii  with  wg*  of  laiiiwiit  iiitiah 
I.#.,  with  7.6  mg.  of  mdiwm  chloridt,  or  with  iiif.  of  aiihytlfoui  ridliiitt  Iwowiplr. 

A  curie  expels  |>er  second  the  «m#  nuinWr  of  a^piftlclw  m  i  g,  of  fittlliiiii  nttidh  liincr, 
howerw,  radium  A  and  (',  both  of  which  cxftel  «*p^rticl#ii  w«i  hirtit  in  the  mmmtkmi  ^  cun# 
of  emanation  in  equitlbrium  with  iti  ihortdifcfl  iirtiducli  expids  |iff  wrontl  tliirt  ilme%  at  tiiaiiy 
a-particles  at  does  a  gmmnie  of  radium  freed  from  iti  prmIucH.  Tlit*  iiiitPiliy  of  mny  firwliiri 
in  the  unminm-mdium  series  Amthl  he  expressed  In  termi  of  nmmiiiri  or  millignwiwci  of  mcultn 
radium.  There  can  then  tie  no  doubt  wfiat  k  meant  by  the  iiitit  Fiiriiieflf »  mmklrn  wrtP 

often  eKpr«i#d  in  terms  of  what  were  known  ti  Mache  uniti,  and  lit  le#ti«  of  tht»  m  mf 

activity  of  umnluro.  Such  unlti  arc  not  only  tinicitiitlic,  lint  alv>  ,  tor  lliry  air  1101 

deinite  units  which  are  aceeptctii  tverywhere, 

'It  is  customary  at  the  present  time,  for  instancr,  to  tulk  iifoiitt  $  mg,  of  11ib  dor^ 

not  mean  5  mg.  of  polonium  by  weight,  but  tlmt  f|t»nlfty  tif  wtlnntuiii  which  k  tn  c<|tiitibtitiiti  wiiii 
5  mg.  of  radium:  metal  or  5  mlllicurlti  of  emaitiiliofi,  Hltnlliirly  ttm  ing.  of  fiwhittn  C  ftiran^  ilir 
quantity  of  radium  C  in  equilibrium  with  jw  tug.  lathuRi  mtlal  or  ntiliktifir^  nf  Mtiiitis 
emanation. 

Again,  a  mg.  of  itmlum  means  the  amount  of  itmitim  with  which,  in  »  tnlntral,  4  »ii.  td  itdiiiiii 
art  in  egullibrluff .  The  amount  by  weight  of  any  pnaluft  of  the  uraitiititi-riifliiiin  irtie^  ran  always 
be  obtained  by  multiplying  ilt  activity  exprtSMMl  in  lerw%  of  miltigranniw*  of  ttdiiiitt  metal  tty  it 
period,  and  dividing  by  the  fwlod  of  radium,  and  tmi  wnm, 

Frepamtions  of  mesothorium  and  of  rMlIothorluiii  art  and  %ol4  iii  Itfiiw  of  the 

7-ny  activity  of  i  mg,  of  radium  C»  £#?,♦  the  y-ray  activity  of  ihc  wwliuiii  C  in  with  1 

mg.  of  mdtum  metal.  As  the  penetrating  piwer  of  the  y->mf%  from  tht  tliorlmn  pr#|mrilt»fit  and 
from  radium  are  not  quite  the  tame,  it  I*  usual  to  the  iiiieii^ty  ihrmifh  |  »»,  itl 

l«td.  ^Thtts  a  prepmtion  of  radblhoriutn  when  in  cipilibriiim  with  ti«  prmfitct*  ffiorltnti  X,  glw* 
50  divisions  pr  minute  in  a  y-my  «tectro»?op«  tlwmgfi  a  thlckntw  of  |  mm*  l«*il  1  when  1  «»,  of 
miilum  chloride  »ntaining  the  einanition  In  ecpillbriuni  tmounl  givc%  ta,  thm  tht  ^rtiiph  of  tlifr 

radiothorium  preparation  i«  mg.  of  radium  at  the  date  on  whirh  the  metouirementi*  were 

i»  M  wyf 

made*  Mesothorium  prepirttlons  have  their  acltvlliet  expr^^  In  tht  ««§  wmp 
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This  standardisation  is  now  carried  out  for  a  small  fee  by  experts  at  the  National  Physical 
Laboratory,  Teddington,  in  England.  Everybody  buying  radium,  mesothorium,  or  radio¬ 
thorium  should  insist  on  having  the  ofEcial  certificates  of  its  strength  and  purity  furnished  by  this 
institution. 

The  strengths  of  preparations  of  ionium  and  of  polonium,  if  very  strong,  may  be  measured  by 
measuring  the  current  a  film  of  the  material  produces  in  the  air  of  an  ionisation  box  and  comparing 
it  with  the  current  produced  in  the  same  ionisation  box  by  a  known  quantity  of  a  radium  salt,  the 
measurements  of  the  current  being  determined  by  an  electrometer.  If  the  preparations  are  too 
weak  to  allow  of  this  being  done,  the  number  of  a-particles  expelled  by  a  known  area  of  the  film 
may  be  compared  with  that  expelled  by  a  small  quantity  of  radium,  the  measurements  being  made 
by  the  scintillation  method. 

The  radium  emanation  content  of  a  mineral,  of  any  solid  preparation,  or  of  any  solution  con¬ 
taining  it,  is  measured  in  a  special  emanation  electroscope.  The  procedure  consists  essentially  of 
getting  the  radium-containing  solid  completely  into  solution,  expelling  the  radium  emanation 
completely  from  it,  allowing  the  emanation  to  accumulate  in  it  for  a  definite  time,  say  forty  hours, 
transferring  this  quantity  of  emanation  completely  from  the  solution  into  an  air-tight  ionisation 
chamber,  and  measuring  the  activity  of  the  emanation  and  its  products  three  hours  after  it  has  been 
in  this  chamber  by  means  of  an  electroscope.  The  electroscope  is  standardised  by  introducing  a 
known  quantity  of  emanation  either  from  a  small  but  known  quantity  of  a  radium  salt,  or  from 
a  uranium  rfiineral,  the  ratio  of  the  quantity  of  radium  to  that  of  uranium  of  which  is  known,  allowing 
this  emanation  to  remain  in  the  chamber  for  three  hours,  and  then  measuring  its  activity.  In  this 
way  the  emanation  content  of  any  body  can  be  expressed  in  terms  of  the  amount  of  emanation  in 
equilibrium  with  i  mg.  of  radium  element. 

Uses  of  Radioactive  Substances  in  Medicine  and  in  General 

The  chief  use  of  radium  and  other  radioactive  bodies,  apart  from  their  use  for 
strictly  scientific  investigation,  is  undoubtedly  in  medicine.  A  short  account  of 
their  use  in  this  department  of  science  will  therefore  be  given.  Many  medical 
men  are  much  more  optimistic  in  their  opinion  of  the  therapeutic  value  of  these 
preparations  than  others,  but  there  are  certain  facts  of  which  there  can  be  but 
little  doubt. 

Radium,  especially  when  used  in  considerable  quantity,  has  undoubtedly  effected 
cures  of  surface  cancers,  warts,  lupus,  and  ulcers.  The  reason  for  much  of  the 
former  non-success  in  curing  these  diseases  was  the  lack  of  a  sufficient  quantity  of 
the  active  material.  We  are  informed  further  that  the  emanation  of  radium  when 
drunk  or  inhaled  causes  increased  diuresis,  and  increased  excretion  of  uric  acid, 
and  relieves  patients  suffering  from  gout,  rheumatism,  and  diabetes. 

It  must  be  pointed  out,  however,  that  there  are  less  expensive  methods  of 
curing  these  diseases  than  the  employment  of  radioactive  substances.  The  object 
that  medical  men  have  in  view  in  experimenting  with  radium  is  to  cure  cancer. 
To  further  this  object  a  radium  institute  has  been  founded  in  London,  and  similar 
institutes  are  being  formed  in  the  provinces,  at  which  medical  men  may  obtain 
radioactive  preparations  with  which  to  experiment. 

The  results  obtained  by  treating  cancer  with  radium  have  been  astonishingly 
successful.  In  all  cases  the  condition  of  the  patient  is  relieved.  In  the  worst 
cases  radioactive  preparations,  when  applied  to  the  diseased  part,  have  acted  as 
local  anaesthetics  in  removing  th^  pain.  In  several  cases  every  sign  of  the  cancer 
has  been  completely  removed.  Experiments  have  been  in  progress  for  a  short  time 
only,  and  therefore  a  considerable  time  must  be  allowed  to  elapse  before  even 
the  most  successfully  treated  case  is  described  as  a  cure.  Already  (September  1914) 
there  are  three  hospitals  in  the  kingdom  in  which  non-medical  men,  trained  in 
radioactive  chemistry,  are  working  in  conjunction  with  medical  men  on  this  great 
problem. 

It  is  the  possibility  that  radium  will  be  a  permanent  cure  for  cancer  that  has 
stimulated  the  search  for  radium  minerals  over  the  earth,  and  has  caused  neither 
money  nor  pains  to  be  spared  to  bring  to  the  doctor's  hand  as  much  of  the 
valuable  material  as  possible.  Until  quantities  of  the  order  of  10  g.  can  be  used  in 
medicine  the  possibilities  of  radium  as  a  curer  of  cancer  and  malignant  diseases  of 
a  like  nature  cannot  be  known.  It  is  as  reasonable  to  expect  some  of  the  small 
quantities  of  radium  to  cure  the  disease  to  which  they  have  been  applied  as  that 
10  cubic  centimetres  *of  cold  water  should  quench  the  thirst  of  a  thir%  man. 
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For  internal  use  the  preparations  used  are  generally  either  radiuiti  lanaiiatioii  or 
thorium  B,  C',  and  I).  In  both  these  the  physiological  efTe<‘ts  produreti  ar«*  dut*  to 
the  a-rays  from  these  bodies. 

The  radium  emanation  may  either  be  inhaled  directly  from  an  atnuihpherc  kuleii 
with  emanation,  or  taken  in  the  form  of  gas  dissolved  in  mineral  water. 

There  is  at  present  on  the  market  a  .small  chamber  in  which  a  patient  may  tip  the  air  of  whirli 
is  kept  permanently  supplied  with  emanation  diffusing  from  a  strong  force  of  radium  ^placed  on  the 
floor.  The  radioactive  water  is  made  either  by  dissolving  a  known  oiiantiiy  of  radium  carbonatr 
or  chloride  completely,  and  diluting  down  by  the  ordinary  methods  till  each  litre  of  lolulioti 
contains  about  lO"""®  g.  of  radium  (or  stronger  if  necessary),  and  with  course,  after  it  hiw  l>een 
bottled  up  for  a  month,  the  emanation  in  etiuilibrium  amount  or  **  Radium  witter  ”  can  lie  mide  to 
contain  emanation  only  by  simply  pumping  ofTthe  emanation  from  a  known  quantiiy  of  radium  anti 
dissolving  it  in  a  large  (luantity  of  water  by  shaking.  In  the  latter  «we  much  larger  tinges  may  In? 
taken  for  the  same  cost. 

If  a  patient  is  required  to  take  internally  only  tlte  active  deposit  of  riitlium,  i>., 
radium  B  and  C,  it  may  be  coUeeted  on  a  pill,  or  cm  anything  that  is  easily  HWiillowed, 
by  exposing  the  pill  for  some  hours  to  a  largct  (|uantity  of  the  emaniilion  ;  the 
emaimtion  is  theti  removed  and  may  be  used  again  for  the  same*  purpose. 

This  is  not  so  easily  accomplished  with  the  emanation  of  thorium,  and,  therefore, pi  Itesi  to 
separate  the  active  deposit  of  thorium,  f>.,  thorium  B,  C!,  and  D,  chemically  fr«»m  radkiitioriiiiu  ag 
described  above.  It  is  then  taken  in  the  lic|ui«l  flam  dissolved  in  wmie  hoIvciiL 

For  external  purposes,  the  substance  used  depends  upon  tlie  pantruliir  tlisetHc 
which  is  being  attacked.  If  a  strong  source  of  «-ray8  ii  ret|uired,  prt*|itratioiis  of 
ionium,  or  of  polonium,  in  thin  films  on  plates  of  melal,  make  excellent  scnircci. 
If  a-rays  are  required  with  y-rays,  the  source  which  must  be  used  is  it  thin  Uitre  of 
glass,  or  of  quartz,  containing  radium  emanation,  the  lubt*  lieirig  so  thin  that  the 
a-rays  are  able  to  escape  from  it  (a-ray  tubes}. 

Whenever  a-rays  are  used,  the  preparation  must  he  placed  so  neiii  the  fnirl  thiit 
is  being  treated  that  the  rays  are  able  to  exert  their  full  effect.  Stimetiities  riitliiini, 
or  radiothorimn,  is  immersed  in  the  pores  of  a  blanket  or  ocher  iiiiiilar  riiiiteriiil, 
that  the  emanation  diffuses  out  of  the  dry  fabric  without  any  of  ilu?  parent 
substance  being  lost. 

If  y-rays  only  are  ret|uiret!,  sealed  tubes  of  radium  naltii,  of  radium  tmianiitiiiib 
of  mesothorium,  or  of  radiothorium  can  be  used.  Of  these  sourcti»  racMothoriiini  ii 
the  least  concentmted,  and  radium  emanation  the  moit  concentmted.  I'he  liitter, 
however,^  decays  almost  to  «ro  in  a  month.  A  source  of  niuiothorium,  if  free  from 
barium,^  is  much  more  concentrated  than  a  source  of  pure  ruciium.  Radium,  riicliuni 
emanation,  and  mesothorium  are  the  source!  of  yTtyt  used  in  work  on  tmucer. 

It^muit  be  emphasised  that  all  radium,  or  radimetive  preptimtioni  contaifiiiii 
quantities  as  small  as  lo"*^  of  a  gramme  of  radium,  can  of  little  iheraimttic  value. 
Ointments,  pills,  radioactive  blankets,  etc.,  containing  c|uantities  of  iiiataritl  of  ihk 
order,  are  of  no  more  value  than  the  same  pre|mrationf  lacking  the  raclitiai^tive 
constituent 

Preimrations  of  radium,  mixed  with  zinc  sulphide,  emit  a  greeni»li-yellcw  light 
due  to  the  bombardment  of  the  zinc  sulphide  cryittls  by  tha  aqmrtielcs  frciiti  the 

radium  and  its  products. 

This  mixture  has  been  used  for  giving  a  pernmiitfii  ilkmiiittlon  m  keylicileii,  lit  the  hwtili  of  a 
watch  or  clock,  etc.,  lo  that  thete  articles  may  b«  mm  milly  in  the  dark. 


The  Prices  of  Materials 

The  pre-war  P9IJ)  price  of  radium  was  £m4  |irr  iiiilligtamiiic  of  ridtiiiii  ektneiic  All 
mdium  premrationt  are  priced  on  thif  teis,  ihou|h  ftcmally  iiii  rtdiiitii  h  %iM  in  the  iiirtillir 
form.  ^  Reckoned  on  thii^is  a  milligramme  of  mdium  eltloriik  ihoulii  emt  abuit  fot.»  aitd 
a  milligramme  of  anhydroui  bromide,  /14.  There  wat  formtrly  little  ilimifiiititifi  iif  «itfgr 
a  radium  pre^mtlon  is  impure.  Thui  JM  mg.  of  chlotiile  rontainmg  *4  |irr  reitc 

of  radium  chlorWe  costs  k  335  ^  iS|,  ibiply  ihc  prkfc  of  the  ptirt  ratllmii  rlilwide  it 
contains.  When  the  preparation  contalnta  »  few  im  mnL  imly  of  riiliiifit  a  kigrr  diiniiiiilfliii  wati 
made  in  the  price.  At  the  preient  time  the  dit&rcfirr  in  prirc  Wtween  rt|iiAl  ni  iiiire  Aiiii 
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impure  radium  is  considerable.  The  price  of  radium  bromide  in  1902  was  5s.  a  milligramme,  this 
rose  next  year  to  6s.,  and  later  to  20s.,  which  Was  the  price  in  1904.  Since  that  time  the  price 
has  steadily  risen  to  what  it  is  to-day.  The  question  whether  the  price  of  radium  will  advance 
further  is  not  only  an  interesting  one,  it  is  a  very  practical  one. 

Rutherford,  whose  knowledge  of  radioactivity  is  unrivalled,  says  in  his  book,  published  in 
1913,  that  “the  present  price  of  radium  is  very  high,  and  bears  no  relation  to  the  cost  of  separation 
of  the  radium  from  uranium  minerals.  The  present  price  is  artificial.  There  seems  to  be  no  reason 
why  the  present  abnormally  high  prices  of  radium  should  be  ultimately  maintained.” 

On  the  other  hand,  C.  A.  Parsons,  whose  knowledge  of  the  resources  of  the  United  States  is  . 
very  great,  declares  that  at  the  present  time  “  it  is  impossible  to  predict  whether  the  price  will  go 
up  or  down,  or  remain  stationary.”  The  great  increase  in  production  of  radium  that  is  bound  to 
happen  in  the  next  years  in  the  United  States  would  tend,  other  things  being  equal,  to  lower  the 
price.  ^  Again,  the  competition  of  mesothorium,  which  is  being  put  on  the  market  in  increasing 
quantities  every  year,  should  also  tend  to  lower  the  price.  Mesothorium,  however,  for  reasons 
difficult  to  understand,  is  less  popular  with  medical  men  than  radium.  But  the  uses  and  demands 
for  radium  are  apparently  developing  at  an  even  greater  rate  than  the  supply.  Also,  as  has  been 
pointed  out  above,  the  present  supply  of  the  mineral  is  limited. 

The  one  thing  that  would  lower  the  price  seems  to  the  writer  to  be  the  adaptation  of  X-rays 
(resembling  7-rays),  cathode  rays  (resembling  ^-rays),  and  canal  rays  (resembling  a-rays)  to  effect 
exactly  the  same  physiological  effects  and  the  same  curative  powers  which  are  produced  by  radio¬ 
active  materials.  This  at  present  seems  unlikely,  but  it  is  a  question  for  the  future. 

The  only  radium  mineral  selling  in  large  quantities  at  present  is  the  2  per  cent.  UsOg  carnotite 
ore  from  Colorado.  This  sells  at  Hamburg  for  about  per  ton  (1913).  The  equilibrium  amount 
of  radium  element  in  this  material  is  at  least  4  mg.  per  ton,  which,  when  extracted,  can  be  sold  for 
about  00.  Since  the  price  of  the  raw  material  from  which  this  quantity  of  radium  is  extracted 
is  about  ;^I9,  there  is  a  margin  of  ;^8o  for  the  cost  of  extraction,  the  profit  of  the  extractor  and  of 
the  hgents  through  whose  hands  the  material  must  pass  before  it  reaches  the  buyer.  The  present 
prices  of  the  other  radium  ores  are  not  of  much  importance,  owing  to  the  present  drift  of  the  radium- 
extracting  industry  from  Austria  and  France  to  the  United  States. 

The  pre-war  (1913)  price  of  n^esothoiium  is  about  per  milligramme,  where,  by  milligramme, 
is  not  meant  milligramme  of  mesothorium,  but  the  quantity  of  mesothorium  the  7-ray  activity  of 
which  through  3  mm.  of  lead  is  equal  to  that  from  i  mg.  of  radium  chloride  through  the  same 
thickness, 

.  The  price  of  preparations  of  radiothorium  vary  according  to  the  purity  of  the  material,  but  it  is 
of  the  order  of  £2  or  per  milligramme  equivalent  in  7-rays  of  radium  chloride. 

The  price  of  the  monante  sand  has  not  been  influenced  by  the  fact  that  these  radioactive  bodies 
are  extracted  from  it. 

Output  of  Radium  Compounds. — It  is  difficult  to  estimate  the  quantity  of  radium  compounds 
produced  annually,  but  the  following  details  may  be  of  service  in  this  connection.  According  to 
S.  Fischer  {Min.  Ind.^  22,  657)  the  Austrian  production  of  radium  salts,  during  1912, 

amounted  to  about  5  g.  as  compared  vidth  2.65  g.  produced  in  1911.  *  The  total  European 
production,  in  1913?  about  4  g.,  whilst  the  Australian  ores  yielded  2  g.  It  has  been 

estimated  that  the  quantity  of  uranium  ores  exported  from  the  United  States,  in  1913,  was  sufficient 
to  produce  8.97  g.  of  radium  chloride. 
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CARBORUNDUM 

Carborundum,  or  crystalline  silicon  carbide,  SiC,  was  discovered  accidentally^ 
in  1891,  by  E.  G.  Acheson,  whilst  trying  the  inapregnating  of  clay  with  carbon  at 
a  high  temperature  produced  electrically. 

The  first  carborundum  furnace  was  that  of  the  Carborundum  Company  at 
Monongahela  in  1893  ;  it  consumed  about  75  H.P.,  and  produced  45  tons  of 
carborundum  a  year.  In  1895,  with  the  formation  of  the  Niagara  Falls  Power 
Company,  much  larger  furnaces  were  constructed  by  the  Carborundum  Company 
at  Niagara  Falls;  and  at  the  present  day  there  are  twenty-one  furnaces  of  about 
2,000  H.P.  in  continuous  operation  and  estimated  to  produce  in  1913  about 
7,000  tons  of  carborundum. 

Manufacture. — Carborundum  is  manufactured  on  the  large  scale  by  heating 


Fig.  I. — Carborundum  Furnace. 


together  in  the  electric  furnace  a  mixture  of  silica,  SiOg,  and  carbon.  The  silica 
is  usually  in  the  form  of  quartz,  and  the  carbon  in  the  form  of  coke. 

The  formation  may  be  expressed  by  the  equation  : — 

3C  +  SiOg  =  2CO  +  SiC. 

The  furnace  used  for  the  production  of  carborundum  is  of  the  resistance  type,, 
the  size  varying  in  different  localities.  Furnaces  taking  from  2,000-3,000  H.P. 
have  been  constructed.  A  carborundum  furnace  unit  consists  of  five  furnaces,, 
only  one  at  a  time  being  in  operation,  while  the  rest  are  loading,  unloading,  or 
cooling. 


Fig.  I  shows  a  modem  carborundum  furnace  in  cross  section  and  elevation.  The  furnace  is 
about  30  ft.  long,  12  ft.  wide,  and  10  ft.  deep,  and  has  permanent  end  walls  of  concrete  which 
contain  the  terminals,  while  the  side  walls  s  are  built  up  of  fire-bricks  set  in  iron  frames  capable 
of  ready  removal  by  means  of  an  electric  overhead  crane  for  discharging.  The  furnace  ends  are 
kept  cool  by  a  water-circulating  system. 

The  resistance  core  c  is  built  about  half-way  up  the  charge.  It  is  cylindrical,  being  about 
3  ft.  in  diameter,  and  consists  of  granular  coke  which  has  become  partly  graphitised  in  a  previous 
run.  It  has  a  slight  upward  curve  to  allow  for  sagging,  owing  to  contraction  of  the  charge  during 
the  run,  and  is  connected  at  either  end  to  the  electrodes  E,  which  consist  of  a  number  of  horizontal 
carbon  rods,  by  a  layer  of.  finely-powdered  compressed  carbon  K.  The  electrodes  are  clamped 
to  thick  copper  plates  P  connected  to  the  cable. 


The  raw  material  m  consists 
salt,  having  the  composition — 

Quartz  - 
Coke 
Sawdust  - 
Salt 


of  a  mixture  of  silver  sand,  coke,  sawdust  and 


-  52.2  parts. 

-  35-4  „ 

-  10.6  „ 
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The  sawdust  is  added  in  order  to  render  the  material  porcms,  and  so  aiil  tlie  escape  of  carbon 
monoxide  during  the  process  of  interaction  between  the  silica  and  carbon.  The  addition  of  salt 
is  found  to  increase  the  purity  of  the  carborundum  produced,  since  at  the  high  teniperature  of  the 
furnace  it  forms  volatile  compounds  with  the  metallic  impurities. 

The  mixture  of  dry  powdered  materials  is  fed  into  the  furnace  from  an  overhead 
conveyer,  and  when  the  furnace  is  loaded  an  alternating  current  is  passed  for  thirty 
six  hours.  At  the  beginning  of  a  run  the  voltage  is  about  230  and  the  current 
about  6,000  amperes,  but  as  the  process  proceeds  the  resistance  decreases  rapidly 
and  then  becomes  constant,  the  voltage  being  finally  about  70  and  the  current 
about  20,000  amperes.  The  carbon  monoxide,  CO,  produced  during  the  reaction, 
escapes  at  the  sides  and  top  of  the  furnace  and  burns  there  with  a  blue  flame.  The 


Fio.  2.— Fit«*Gemld*t  Ctrborandttm  Furnace  ia  Action, 

reactions  which  proceed  in  the  furnace  are  very  complicated,  but  the  simple  result 
of  the  formation  of  carborundum  may  be  expressed  by  the  equation  given  al>ove. 

When  the  furnace  is  dismantled  after  the  run,  the  core  is  mund  to  be  suirounded 
by  a  thin  layer  of  graphite,  while  next  to  this  is  a  layer  some  ao  in.  thick  of  crystal^ 
line  carborundum,  the  crystals  being  larger  nearer  the  core.  This  in  turn  ii 
surrounded  by  a  layer  of  carbomadum  firesand/’  or  so-called  » amorphous 
carborundum,”  or  **  whitestuff.”  It  contains  oxygen  and  probably  consists  of  a 
mixture  of  siloxicon  {q,v.)  and  amorphous  silicon  carbide.  Finally  the  whole  ii 
surrounded  by  more  or  less  unchanged  material 
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The  carborundum,  the  average  yield  of  which  is  about  9  tons  in  each  run,  is 
transferred  in  large  lumps  to  roll  crushers,  where  it  is  broken  up  and  washed.  It 
is  finally  purified  by  treatment  with  sulphuric  acid,  washed  with  water,  dried,  and 
separated  into  grades  according  to  degree  of  fineness.  It  is  then  ready  for  fashion¬ 
ing  into  wheels  or  for  other  employment. 

Properties. — Carborundum  forms  masses  of  lustrous  crystals  of  the  hexagonal 
system,  which,  when  pure,  are  colourless,  but  which,  as  commercially  produced, 
vary  in  colour  from  yellow  to  greenish-grey  or  blue-black.  The  crystals  are  doubly 
refractive,  both  indices  of  refraction  being  higher  than  the  refractive  index  of  the 
diamond.  Carborundum  has  a  specific  gravity  of  3.123,  conducts  heat  and 
electricity,  and  is  remarkable  for  its  extreme  hardness  (which  is  about  9.5  on  the 


Fig.  3.  Modern  Type  of  Carborundum  Furnace  used  by  the  Carborundum  Company, 

Niagara  Falls. 


Mohs  scale  as  against  10  for  diamond),  its  infusibility,  and  great  resistance  to 
chemical  change.  It  can  be  heated  to  a  temperature  of  2,240"  C.  (L.  E.  Saunders) 
before  it  breaks  down,  without  melting,  into  silicon  and  graphite ;  while,  if  heated 
to  whiteness  in  oxygen  or  air,  it  very  gradually  changes  into  carbon  dioxide  and 
silicon  dioxide,  becoming  coated  with  a  layer  of  the  latter  substance.  It  is  not 
attacked  by  acids  to  any  extent  (though  syrupy  phosphoric  acid  decomposes  it  at 
230  ),  but  is  decomposed  by  fused  alkalis  into  carbon  and  a  silicate.  Chlorine 
slowly  decomposes  it  at  600  ;  rapidly  at  1,200".  It  has  a  high  thermal  conductivity 
and  a  low  coefficient  of  expansion. 


Amorphous  silicon  ^rbide  is  not^  produced  in  the  commercial  furnace.  The  so-called 
amorphous  carborundu^  ’  or  “whitestuff,”  produced  during  the  manufacture  of  crystalline 
carborandum  is  a  mixture  of  silicon  carbide,  with  variable  amounts  of  a  variety  of  siloxicon  ). 

Comm^cial  carborundum,  after  purification,  always  contains  the  oxides  of  iron,  aluminium,  and 
catciiim,  the  total  of  these  impurities  being  generally  under  i  per  cent. 


Us^  of  Carborundum. — The  usages  to  which  carborundum  is  put  are  numerous.  Chief 
among  them  ^s  its  employment  as  an  abrasive  (see  p.  418),  for  which  purpose  it  is  fashioned  into 
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grindstones  and  wheels  by  mixing  with  some  bonding  inateriiiU  ^neh  as  kaolin  or  leKpitr,  pressing 
into  shape  and  igniting.  In  this  ft)rrn  it  is  extensively  used  for  grinding  and  |it»lishiug  metal* 
porcelain,  marble,  granite,  wood,  glass,  leather,  precious  stones,  etc.  Jl  is  also  employtHi  for  rice 
hulling.  The  firesand  is  mixed  with  .silicate  of  soda  Ojf  fire-clay,  as  binding  nuiterial,  and  UM‘d  to  an 
increasing  extent  as  a  refractory  in  brass,  aluminium,  aml^s^inc  manufacture.  The  rcHidual 
carborundum  powder  obtained  from  the  crushing  mills  is  used  in  steel  manufacture  as  a  Htiurc?c  of 
silicon  anti  carbon,  in  place  of  ferro-.silican.  Clarhoruntlum  crystals  arc  now  empli»yecl  in  the 
receiving  circuit  of  wireless  telegraph  apparatus  as  rectifying  crystals. 

Statistics. “Carborundum  is  manufactureil,  among  other  places,  at  Niagara  Falls  (Unitefl 
States  of  America),  Chippawa  (Canada),  DusseUlorf'ReiHhtik  (C#ermany),  La  liiilhie  (Havoy), 
Benateck  (Bohemia),  1‘rague  (Austria),  and  Bodio  (Turin)  ;  while  a  company  has  been  projeeleci  lo 
work  on  the  West  Coast  of  Scotland.  At  Niagara  Falls,  at  the  present  time,  the  (.*arli«rund«m 
Company  manufacture  on  the  average  nearly  5,000 metric  t<ini  per  annum  ;  whde  at  Chippawa  the 
Norton  Wheel  Company  make  about  2,cx:>o  tons  under  the  name  of  Crysiolon.” 


Silundum  Articles. —Both  Arhenon  and  Boling  have  cnnstrutTed  rt^fmetory 
articles,  such  as  criK'ibleSj  tubes,  etc.,  by  shaping  pitH‘es  from  sand  and  c^cjke,  or 
firesand  and  sand,  and  heating  in  an  electric:  furn  u:e  to  a  higlt  temperature ;  or  by 
shaf)ing  the  articles  from  graj[)lnte,  canhedding  them  in  the  ciiarge  of  a  carborundum 
furnace,  and  subjecting  them  to  the  action  of  silif'on  vapourn  at  11  high  tempeniture. 

The  articles  are  said  thus  to  become  cnated  with  11  layer  of  carborundum,  of  ihirkne'**!  tiefirndiiig 
on  the  duration  of  heating  ;  but  in  all  probability  the  action  k  nut  nimply  tliiil  of  the  formalioii 
of  carborundum,  anti  has  not  yet  been  rlciireil  up. 


By  this  process  the  articles,  while  retaining  their  shape,  become  possesied  of 
great  hardness  and  resistivity,  and  are  capable  tif  conducting  electricity  lU  high 
temperatures.  'They  are  known  to  commerce  as  **  silundum  *’  nriiclei,  iirtd  are  used 
for  electrical  cooking  apparatus  and  other  purposes, 

F.  O.  Tone  (U.S.  Fittent,  pf|2,698,  of  i6th  May  lyni  ^liiitieH  the  pierrs  of  a  mixuirr  of  railtuf' 
undum  and  carlmn,  Itound  togfiher  with  glue  f»r  other  «ui«laiicr.  ^Ile  then  llitiii  in  it 

carborundum  furnace,  when  cumhinatlim  with  vapours  of  t>r  silicon  taket  plarr  iifil  ihr 

binding  material  k  volatiliHcd.  By  thin  mciiiiH  he  can  vary  ihr  poro%ily  and  remiiincp  nf  thr  iirmhiri. 
The  electrical  resistance  of  HilurKtum  k  about  %l\  limes  ihiit  <»f  rarlMin,  and  if  ih  capable  of  %tftndiii|| 
a  ternjjerature  of  1,600'*  for  a  coniikierable  time  without  crystallising, 

Siloxicon.“*-’This  substance  is,  as  demiribed  tibove,  always  protliicttcJ,  together 
with  silicon  carbide,  in  the  carborundum  furnace  in  a  lone  of  lower  temperttwre 
than  that  in  which  the  carborundum  crystiits  are  formed. 


and 


It  containi  oxygen,  hti  ii  mrkWe  campiiitifin  eorrespciiicllng  roughly  with  the  ftirmiilii 
I  hai  lieen  mief  to  be  a  mixture  of  silico-cirhidti  from  Si#4f>  lo  l\  E.  SpielftiMifi  fitiilt 


is  still  a  matter  of  conjecture. 


Siloxicon,  which  is  manufactured  by  the  International  Acheson  Cfriiphitc  Ccmtpttiy, 
is  a  greenish -grey,  amorphous  iubsttnee,  containing  dark  particles  of  grapbitii  arid 
carborundum.  It  has  a  specific  gravity  of  3.53,  "is  extremely  refractory  t•warcli 
heat,  chemically  inert,  and  is  insoluble  in  molten  iron.  I'he  temjieratitre  of  its 
formation  is  about  t,6oo\  while  at  1,840*"  it  breaks  ticiwn  into  rryitidline  silicon 
carbide,  silicon,  and  carbon  monoxide. 

It  Is  pre{mred  in  a  furimet?  itmilar  t(»  a  carlMjrwndum  ftirnaa,  bill  Imvitiii  ilirci*  nr  wtirr  rciklmtice 
cores  to  obtiiin  a  more  even  dkirtbulbn  of  itm|Mriilttrti  tlirmigfmttt  the  tiit«  of  maltflik  Arlie^tri, 
who  imtented  the  process  in  1903,  utes,  as  raw  rtialerial,  1  j*ri  of  |.Miwclf*reil  cok©  to  3  pri*  of 
and,  together  with  »aw«l«st  to  increase  the  |wircitiiy. 


Siloxicon  is  used  alone  or  with  binding  material  for  milking  crucibles,  iiiiiilni, 
and  fire-bricks,  and  as  a  furnace-lining. 

It  was  at  one  time  thought  to  have  a  promkbg  future,  litii  it  liiii  nut  l»ti?n  teilvrly  Ciiiiiiiiifcklkttl 
and  is  not  very  largely  used  at  prc*4etit. 


Monox. —H.  N.  Potter  (English  Patcml,  26,788,  of  tand  I amt  t*.  «#  Tunr 
I  United  States  Patent,  993t9*  J»  joth  May  191 1 1  prirr%m  l«r  llir  imulm  turn  i»f  a  ^tilwtaitrr 

which  was  called  mcmcix  by  the  former,  and  wiik  rliiiiietl  lo  ewmiftllv  «f  -ilti’tiii  iiuuioMdr, 
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iivncsmiJ!^  af/LUis’rR r 


SiO  The  process  consKteil  in  healing  .i  •♦ilicii  4ti«l  i-atlwiii  in  m  arc 

turnace  withdrawing  the  carbon  tinnioxHir  g.H  iiiid  it  hi  ffc<*  clwitibrr^,  Tlir 

iras  carried  with  it  the  tnon*»x*  wlikli  rfitinird  a-4  an  rxlrcniely  line  Itglii  t.ioiui  m  cubnr, 

and  having  a  true  dcmiiy  of  about  i.i4.  M*mn%  tt»  biwriri.  %,>lmmmnPi  ili.ti,  uiilr^n  rmn 
pressed,  it  weighs  only  a|  lbs.  per  ewbr  It  buiri’'*  w  o\y|»rii  b*  •iilirn,  ami  shmly 

oxidised  by  water.  It  was  thuiiglil  t«»  l«  a  mixttirr  nl  SiO*  ^inil  M,  Iwi  ii%  .  ha^ 

never  Iteen  definitely  seltlial.  ib  iit'Ctiiiiii  of  lU  wpadi)  muI  al  ilnrkrtuiig  nioim 

can  be  used  as  a  pigment  In  rerlaiii  oil  |iarliriiliifly  b*f  |i  if 

manufactured  at  the  present  tkiy,  however,  ami  iii  inlrfr»i  h  ibe*3trin‘,i! 


MAXUFACTCRFJi  tiKAIill  I'K 

Graphite,  alsti  kmwiuw  plumbago  hi  black  lead,  is  4  iMUm\  wturii 

occurs  as  a  mineral  in  widt*  disirilnitiiiii  iIih  m’mlih  m  riifii|iact 

crystalline  masses.  Mineiiil  giaptiite  k  irhrH  Itla*  k  ta  g,ri  ^  in  nilniir,  k 

soft,  and  has  a  spedtir  gravity  whit li  %'dmr%  in  dillViriii  lib.iliiti-  a  laiige  of 

about  3.25'^.3S*  coiibdm  triiiii  1^*1  laiha!,  iln-  *  furl  iiii|iiitiiii  s 

being  ferric  oxide,  alumina,  silica  and  lime. 

^  Graphite  is  found  also  in  the  eryslalliitr  hifin  iti  blid  liifii.Mt'  nlig 
during  the  process  of  iron  siiidtiiig,  mlirrc  ii  n  ktiiiwii  kiib 

Graphite  «>tT«ri,  jua  d%  dou*  inijf'iir.,  b.ab  ahiI 

amorphtmn.  In  w»mv  raHin  ihnr  o  nt*  ilwit*  Imr  ihmmwA*i  u  rti  |>4ptitir  a«4  Munmlimu 

carkm,  w  that  II  wilMdctoiy  *il  titr  toifimr  o  l  •  41. ''  lOsniJi  4|*|iri  W  i\ 

Ari«m,  who  has  exhttu^tiively  iiiwlkit  ilif  wb|««rc  v*  4riji,4  i*.  *1*41  4lbiif*#pii 

modifieiithin  of  ciirbrn  whkii  lu%  liw  ^|rr4fii  41m  tty  of  liafii  j. j  10 

Mode  of  Formation,  ^  4%  tii<  41  4 

tem|ieriilure  whirh  trrii  r^iitteiit^if  b|  h,  P  tu  iv  t  ,  iiis.i  iH  mn 

iitilumt  ekmtents  silrtiti  8»tl  mikiiit  tlic  I'dfl**!!  dir  I*  t; 

Arliesoii,  ot»tr\iiig  that  tlir  roir  til  lii^  litkiiwiidioii  lnittiiM  nt^  In  4  iiffi  i.i  4t4|ilMtp 

which  ivutftol  ilir  ibrtii  til  «44tl«4Hid«iii  4^1*4  wi  i4i4witttiiig 

graphite  trtifirblly by  futltliiig  diii’*ifl  rMbidr  lii  li<.r  Ii}«i4wr  mt4  ibrt?  tl, 

by  tmidrig  the  tempciaitttri  ittio  iiiplillr  Aiiti  ilir  I'liiri*  %iib 

Wttg  vi«tlli«^d  by  tlir  iiiiftiv  Tlii*  mhuk  hi*  wtrii  rl  i%i%,  f  <i«s3  th^  imm 

of  the  present-day  grt|itittr  iinluslfy*  Acbrvifi  ibr  tm*  tbii  rtmlil 

^converted  iittt>  iwphitr  in  tlir  tri|  iii»b  Iru  ado  a  imimmi 

to  convert  the  whdr  of  tlir  riirbiti  into  %iii<'oii  <  »iil4rk*  ^fid  iir  ^  1  mi  >  \h  «i  itw^  Mmmt 

was  eatalytk.  Thb  tdtsrf valion  li«3  i#rii  4'%iptifio#4  i»y  m4  ibitdim 

and  WecKla^ckrri  who  liiivr  diowii  lliAi  »aln  ^wrli  «%  I*/ *11 

are  captbk  of  bringing  iImiiii  the  rliifigr  ifi  drprr**  tl^r  tr»|«iif'4  erii  Iving  iowef 

the  greater  the  amount  fd  ovitir  pfe*i  III,  Mote  irrmiit  W  r  Atitoi  bsi»  iNi  4fiioi|i|oi% 

carbon  can  in  wme  |ia*^  to  gfifiliit#  *1  I#iti|#f4t«fin  *1^4#*  ypA*h  r%rr,  mkm  oinli!  n 
prtitttti  thus,  fiftroktttti  mkr  giif"* »  of  $mphti^  Mil  oi  jti  All 

formi  of  ctilMin  tend  l«i  to  gfapliiir  at  high  iltr  *rbrt  iiy  $*1  ilir  *  l#itig 

widely  variant  acconltiig  to  flit  tiitir#  of  ili#  iml  ilif 

Graphite  is  nitnuficttirecl  by  tft#  liitrribitMiiial  ikjptiitc  tMmmmf 

at  NIapra  Fills,  U.EA, 

Tlw  chief  imtftti*  ntider  wlnrti  lit  iiiifiic%'iiifr  i4tfit4  ^**1  #fr  ^  T  S  A  <4 

t|rd  Itily  ilfSi  S^tPJ*  #|ili  itpitititei  i  of  s|ili  of 

i|th  Mutch  yoi*y|i,  of  iyili|ti«t  i»/«i  iwl  *11,1111*  of  14111 

Tw  prociisoi  are  Cirried  imi:  |i|  itie  iiMinilas  nf  ^fafiliilr  |iitwdt?r ; 
(t)  the  |faphitiiiri|  of  elecirnili?^  ami  tiificr  iiitjtilfleil  jrtii|r», 

For  'the  nitnufacuiri,^  of  graphite  mmier  4  fr«fi.tiirr  farniti?  i^ig  if 
similar  to  th«  «rtor»ftdi»  firiwre  h  ilviti^tt  mMmmtt  iii  tiim  tni  Itfiag 
a  much  thinner  «re*  Here  art  tmmm4mn  I'lifinirr^  rii4i  4biiit  jii  fr 
loop,  with  a  arti  of  iS  i«,  by  14  in,,  tiid  ttoii  1,^  IIJ»*  11ir 

em  wmllsi  which  mttf  tint  tltctroitei  $m  ItriJ,  wtiiir  ifi#  »iiit  Wiill%  wtiirl  atr 
made  of  cwftoindwm  ft«dirirl%  are  wnfablt,  A  piiiirt  iitr  tnyct  ul  rit tjorttiultifti 
ftrt»nd  P  ii  pteetd'M  tie  liottom  tif  tlir  attti  iti*i  iti#ig«  m  »  ti«lfft 

in  bf  ofirhead  deftlric  criiiti  The  rlirn?  ijitirf  tii  iltr  f|iialiif  til 

implllt  It  itnewllf  of  atiitiricifr,  m  §m  $mm%  wliirli 

r^mtains  tboul  to  pr  c«il.  01*  tilt 


ELECTRIC  E  URN  ACE  PRODUCTS  INDUSTRY  40S 


The  ash  contains  the  oxides  of  silicon,  iron,  and  aluminium,  so  that  a  sufficient  quantity  of  oxide 

to  produce  the  catalytic  action  is  distributed  throughout  the*  material.  For  the  lH*st  c|uality  of 
graphite  petroleum  coke  is  used,  lumps  of  ct^ke  being  embedded  in  ct^ke  |K»wder,  atid  from  2  5jR*r 
cent,  of  ferric  oxide  added.  In  this  case  the  oxide  is  soon  reduced,  and,  as  the  teinj^erature  rinen, 
the  volatilised  metallic  iron  permeates  the  whole  corUents  of  the  furttace  and  brings  iilamt  the 
ret|uired  chai^ge. 

The  core  c,  which  consists  of  graphitised  c'oke,  having  been  placed  in  position 
and  the  furnace  filled,  the  charge  is  covered  with  a  layer  of  firesand  and  the  current 
is  passed.  At  the  beginning  about  3,000  amperes  at  220  volts  are  used ;  but  the 
resistance  decreases  rapidly,  and  the  final  curretit  is  some  9,000  amperes  at  80  volts. 
'Fhe  duration  of  the  run  is  about  twenty  to  twenty-four  hours.  VVhen  the  furnace 
has  cooled  the  graphite  is  carefully  removed,  ground  in  tube  mills,  and  sifted  from 
coarse  particles  by  means  of  air  separators. 

The  world’s  total  annual  production  of  graphite  m  about  100, ionii,^over  one- third  of  thii 
coming  from  Ceykm  and  India.  The  produciitin  of  manufartured  graptiite  in  t<)cw  wan  only  alaiut 
400  tons,  while  in  1909  it  was  about  3,300  urns. 

Manufactured  graphite  contains,  besides  i  2  per  cent,  amorphous  carbon,  varying 


quantities  of  ash,  according  to  the  temperature  at  which  it  is  produced  tnd  the 
nature  of  the  raw  material;  the  quantity  of  tth  miiy  tut  m  high  as  lo  |>er  cent.,  but 
in  the  purest  grades  it  is  about  o.a  per  cent. 

yge®,— Omj^ite  it  nmi  for  making  etectr«i«,  Imlltry  illinp,  tkclrlcal  ctrlMin 

hruihti,  refmetory  crncIMei  and  retorts,  tnd  for  pncili,  II  i«  tlio  tt.»d  i«  i  fur  ctifttiitf 
metal- work,  tnd  In  elfCtifot¥plfi|.  At  t  Ittbrlamt  it  !•  tt»i  with  m  wlthtmt  oil  tir  By 

trmtment  with  a  solution  m  mlTotannic  acid,  grtrtiti  powdtr  cm  h«  mtistil  10  liiiiiiie  a  ilatt  of 
very  fine  suMiviiion,  m  that  ft  rtmaini  iuspndM  fndtfinitely  In  oil  or  waitr. 

In  this  form  it  ii  marwfacttirecl  under  the  ntmti  “CMIdftg  ”  awl  At|iiadif,”  the  word  **tl*g  ” 
itanding  for  ‘‘ileioccttlated  Acheioii  graphite.^* 

For  the  grapMtisiag  of  electrodes  and  other  ihaped  or  mcmlded  articlci,  a 
furnace  (Fig,  4)  similar  to  that  described  above  is  %mml  'fhe  clectrcidri  are 
shaped  from  a  mixture  containing  97  per  cent  of  powdered  petroleum  coke  and  3  imt 
cent  of  ferric  oxide,  a  little  water  and  molasios,  or  tiir,  being  tiled  for  bitidingi 
The  shaping  is  done  either  by  moulding  or  by  extruding  the  mixture  under 
hydraulic  ^ssure  through  a  die  of  the  recjuired  form.  The  dried  electrodei  m  are 
made  to  talce  the  place  of  the  core  of  the  furnace,  being  placed  in  horiiontti  mwn  in 
the  furnace,  cross-wise  to  the  current  stream,  ind  surrounded  by  gritniiltr  coke  o, 
by  which  they  are  isolated  from  one  another  A  mixture  of  »n<l  and  ground  coke 
f  covers  the  furnace.  The  initial  current  i«  1,400  aitiiMtres  tl  jio  volti,  while  ai 
the  end  of  the  run  the  current  is  9,000  amperci  at  Bo  volt^.  The  chief  dcfclonnicnt 
of  heat  takes  place  in  the  gninukr  coke,  to  that  the  iurftcw  of  the  elertrmlc»  irts 
surrounded  by  regions  of  high  tempefiture. 
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Graphite  electrodes  contaiii  only  about  o.i-o.j  per  rrni.  of  amorphous  carbon, 
and  about  0. 1-0.5  per  cent,  of  ash,  the  rest  of  the  imfniritifs  having  be«*n  volatilised 
by  the  intense  heat.  The  specific  resistance  is  o.oooH  ohm  per  c.c,,  or  only  abcnit 
a  quarter  of  that  of  amorphous  carbon. 

Graphite  electrodes  are  more  capable  than  amorphciiis  carlnin  electrodes  of 
standing  sudden  changes  of  temperature  without  fraciiirr. 

Uses.— On  account  oflhtir  dumbiUty,  and  ihr  fiict  tliai  lliry  iirr  roiiipiiraiivrly  rliriiiirally  inacinT 
at  very  high  temf)era lures,  graphite  clectrcKlei  are  cxleujiivrly  tweci  iii  tlierlecir*!  rtirmiril  am!  electro 
metallurgical  indusirieH,  c./.,  in  the  nmnnbiriurr  of  carhidr^  iml  ferrn  alloys,  ihr  rkririeal  smelling 
of  iron,  m\c,  and  nickel,  the  electrolysis  of  fused  calcitim  rlilorkir  aiid  lliioritir,  llie  rlccirolytic 
recovery  of  bromine,  the  production  of  chlorine  and^cansfk  alkitifs  trnhd  liy|:« chlorites,  itic  ryatiiile 
gold  and  silver  processes,  etc.  They  are  ml  userl  in  wliirli  ntygni  h  at  the 

anode,  their  temperature  of  ojcidiuion  in  air  Iwing  640**  i\ 


AI.UNDUM 

Alundum,  or  corundum,  is  fused  alumina,  Al^Og,  retidcritl  hard  by  a 
process  of  melting  and  cooling.  Its  p^ecific  gravity  is  rrciiii  j.fj  4.00,  ami  there 
are  two  varieties,  one  white,  of  melting  point  2,050**2, wo,  aticl  the  oiber  red 
dish-brown,  melting  at  2,ooo*-2,o5o",  The  white  rryitalline  viiriety  k  911  per  rent 
pure,  while  the  brown  vitreous  product  is  ahoiii  i|j  jic^r  rent  jiiirr.  Hie  impurities 
present  consist  chiefly  of  oxides  of  iron,  silictin,  and  tiliiiiiiiii.  Aliiriciiiiii  hiii  11 
hardness  of  over  nine  on  the  Mohs  sciik’.  Akiiidutii  w  niiide  (IJ.H  Piiterils, 
775,654,  1904,  and  659,926,  1900)  by  the  Norton  Emery  Wheel  Co*  at 
Niagara  Falls,  by  fusing  pure  calcined  liauxilt!  hi  a  500  I  Lit  arc  fiiriiarc,  and 
allowing  the  molten  product  to^cool  slowly  during  llirtc  Iti  boors.  The 
block  of  alundum  so  obtained  is  broken  up  and  iwtd  an  iiti  iilirasivc  in  ilir  form 
of  wheels,  etc.  It  is  jmrticularly  eflcbnt  for  work  on  iiieliik  cil  high  tt*i«ilt* 
strength,  such  as  alloy  steels,  wrought  iron,  etc.  It  m  ako  iiied  for  iwifllcsi,  fire, 
bricks,  etc.  The  production  in  1909  wai  about  6,000  tcins. 

It  is  also  manufactured  at  Rheinfcldcn  under  the  inline  of  **  Ihnitiaiitiii.^’ 

Fig.  5  showi  a  recent  dedgu  Iw  J.  Iktiigrcw  «ntl  K.  Paiew,  17*144, 

1911),  in'which  the  tmuxiic  li  ?u«ed  In  ilie  fliiiitiWr  e,  which  »  tiicltiiril  liy  n  vicittim  iaekrt  v, 
surrounded  by  some  bad  conductor  of  heal.  Tlie  eleclr«»tle%  i  |m«i  Umw§  in  a 

hinged  lid.  i*  represents  the  trrangemtnt  for  cEhai»lifi|  the  sir  froiti  ili»  titriiiiifi  cliaitilirt,  Ttie 
fused  material  h  allowed  to  cmil  very  ilowly  in  ilw*  hifiil'iiiMlalctl  cfttciliie, 

Silicon.— 'Oystallinc  silicon  is  iiianufariiirrd  iit  the  einlilr  iiirtiitcr  by  livatifig 
together  a  mixture  of  silica  (r|uart^  or  mtiid),  SiO  ,  atitl  riirhui  Irnkch  wtirii  itic 

following  change  takes  platte  i  — 

HiOa  i  aC‘  -  bi  ^  Jit>, 

The  type  of  furnace  u«eti  is  iiii  arr  fiiriiarr  mkitig  i,»i  lb  E  li  U  urird  «f  lut  l** 

and  i«  lined  with  carkm  c  on  the  intfrin  flog,  6|.  I*  two  rir|«iigiiiip  r4fl#4t  rlfr!f*w|r* 

B,  which  extend  for  a  consitlmhh*  dbiiinrr  iiiio  the  rlwtgr,  wlikii  «|  14  ctiki* 

and  sand.  The  silicon  «  is  lappril  from  the  «§  tlir  itiriwir,  »i  itti  Muifri  41  m 

■4he  molten  state,  in  pigs  of  llw.  19  k  a«  otillet  fiMiti  wliiidi  %li|f  riii,  it  mtm-mf,  ilwwft 

off.  Silicon  k  manufacttirctl  on  the  in  liiiiMrrt  tikiiig  If  Tk 

Silicon  is  manufactureil  hy  ihi*  Carborimdttm  Compiaif  |,  Ik 

745,122,  833,427,  842*273*  and  869,276. 

^  Properties.— Crystalline  siliccMi,  m  tiwiiiifiriurcii  in  liit!  rlrtnii  tiirfiiiee,  k  a 
brittle  substance  having  a  silver  grey  losirt?  iiiid  a  tjii?riir  gravity  tif  t.f'j  i»  Im^th 
It  has  a  hardness  of  six  on  the  Molw  ioik?,  and  iimetl  by  | .  iWo  m  iiirll  at 
1,430",  though  this  figure  is  probably  low.  Il  tteiil  iiiicl  km  mt  rlrriih^al 

resistance  many  times  greater  than  that  of  rarlitui*  Aricli,  wtili  the  exiTpiitiii  of 
hydrofluoric  acid,  scarcely  attack  it  at  inraltmttt?  j  Init  rradily 

react  upon  it.  It  contains  from  90.97  per  cent,  of  iilicoiii  witli  iiltiiiiiniiiiiii  tarlton, 
and  iron  as  the  principl  ini  purities. 
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In  1908,  over  600  tons  of  silicon  were  manufactured  by  the  Carborundum  Company.  It  in  unecl 
in  refining  steel,  in  place  of  the  higher  grades  of  ferro-silicon,  and  also  in  the  manufacture  of  low 
carbon  ferro-alloys,  such  as  ferro-vanadium  and  ferro-chromium.  In  this  connection  sdicon  has  the 
advantage  of  possessing  great  heat  of  oxidation  and  of  giving  a  solid  oxidation  product. 

A.  G.  Betts  (U.S.  Patent,  918,648,  of  20th  April  1909)  has  proposed  to  use  silicon  as  a  reducing 
agent  for  zinc  ores  containing  impurities  such  as  iron  and  lead.  Recently,  silicon  castings  have 
been  successfully  made,  and  cast  silicon  pipes,  pans,  and  tUher  articles  are  turned  out.  On  account 
of  its  resistance  to  the  corrosive  action  of  acids,  and  its  advantage  over  iron  in  the  matter  of 
specific  gravity,  this  silicon  ware  is  expected  to  be  of  value  in  the  chemical  intlustrics, 


Ft«.  (1. -dnirnace  for  Pro<lucing 
Silicon. 


FKRRO-SILICON 

Ferro-silicon  is  an  alloy  of  silicon  and  iron  in  various  proportioiiH. 

Manufacture.— Ferro»silicon  is  made  by  heating  together  in  an  electric  furnace 
a  mixture  of  silica  (usually  t|utrtEite)»  SiC).|,  iron  or  steel  turningi,  and  ciirbon 
(coke,  anthracite,  or  charcoal),  when  the  following  changes  probably' take  place :  -- 

SIOs  P  2C  +  Fe  (Fe.Si)  i  tCO. 

The  raw  matetiak  con«i»t  of  quartrJte  containiiif  over  95  |)tr  mnu  of  iilka  t  Iron  or  %tml 
turnings  or  shavings,  wldch  should  contain  very  little  photphorns  i  and  anthradte,  chtrcfml,  or 
high-grade  coke.  Quartzite,  anthracite,  and  coke  are  uietl  in  small  lump,  while  charciml  li  tt»etl 
unbroken.  Ffematite  is  still  employed  m  a  noiirce  of  Iron  in  certain  loctlitiei.  The  prci|M»rtliini 
of  the  various  materials  depend  uptm  the  purity  of  the  materiali  and  upon  the  grade  of  ferrti-sllicnn 
to  be  produced.  Thus  Pick,  and  Conrad  cite  initancei  for  Raihenau  furnaces  uiing  anthwdte 
(20.7  per  cent,  ash,  with  twtidhirdi  illica),  quart*  fo.5  fM»r  cent.  irc»n  oxide),  and  iron  turnings: 
for  25  per  cent,  ferro-silicon  the  charge  was  40  {jer  cent,  quaru,  40  |>er  c#ni.  iron  turninp,  wicl 
20  per  cent,  anthracite ;  while  for  50  |)cr  cent.  ferro*iiliecjn  the  chiirgc  wm  58  |>er  cent,  rpiartz, 
13  per  cent  iron,  and  29  i^er  cent,  anthracite. 

Furnaces.— -The  type  of  furnace  used  is  very  similar  in  principle  tci  the  calcium 
carbide  furnace,  and  in  France  furnaces  at  one  time  used  for  carbide  manufacture 
are  now  employed  for  ferro-silicon.  In  all  cases  an  arc  is  struck  between  one 
electrode,  or  both  electrodes,  and  the  charge,  so  that  the  action  of  the  furniice 
is  partly  an  arc  and  partly  a  resistance  action. 

The  older  (Ratitwwu)  type  of  furimce,  tome  of  which  are  iilll  In  me  m  the  Continent,  simply 
consists  of  a  furnace-body,  usually  cylindrical  In  ieciicm,  of  firedtrkk  lined  with  carlion,  into  itie 
open  top  of  which  a  depending,  adjuitable  electrcxle  imsies.  The  other  electrcKk  it  forweit  in  the 
hearth  of  the  furnace  by  means  of  a  steel  plate  with  groovet,  into  which  k  prtiied  a  graphite 
composition.  The  charge  is  filled  in  from  the  top  and  reachei  to  the  ekrtrmle.  Thi?  ferro^tiliron 
sinks  to  the  l)ottom,  and  is  removed  every  hour  or  io  at  a  tap  hole.  The  molten  iubifanrt  k  allowed 
to  cool,  and  then  liroken  up  into  small  lum|»  for  trtfis|K>rt.  Thw  furnace  'iiifieri  from 
disadvantages,  in  that  the  electrode  consumption  It  large,  anti  that  |mrt  of  the  charge  w  at  vawMir 
at  the  open  top. 
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A  more  efficient  type  of  furnace  is  the  Keller  furnace  (see  also  English  Patent,  24,234,  1901), 
used  by  the  Keller- Lei eux  Company  at  Livet  (Isere).  This  consists  (Fig.  7)  of  a  furnace-body  B 
lined  with  carbon.  Two  suspended  water-cooled  electrodes,  or  groups  of  electrodes,  E,  pass  through 
holes  in  the  roof  of  the  furnace ;  and  a  tapping  outlet  enables  the  ferro-silicon  to  be  drawn  offi 
Slag  can  also  be  removed,  and  the  furnace  is  continuous  and  may  run  for  several  years.  The 
arrangement  obviates  the  disadvantageous  floor  terminal. 

In  these  older  types  of  furnace  the  current  used  is  from  10,500-15,000  amperes  at  from 
40-75  volts.  At  Livet  (Isere)  some  of  the  furnaces  of  the  Keller-Leleux  Company  take  1,200  H.P. 
More  modern  furnaces  are  built  of  silica  fire-bricks,  bound  round  with  iron  frames,  and  lined 
internally  with  carbon.  Two  adjustable  electrodes  E  (Fig.  8)  are  suspended  by  chains  so  as 
to  pass  through  shafts  in  the  roof.  The  furnace  is  of  such  a  size  that  the  molten  material  is 
separated  from  the  walls  and  iron  bottom  B  by  a  layer  of  solidified  charge,  the  solidification  of 
this  layer  being  aided  by  air-cooling.  The  tapping  is  done  through  a  hole  in  the  side  of  the 
furnace,  the  layer  of  solidified  material  being  pierced  by  a  pointed  electrode  mounted  on  a  small 
carriage.  The  slag  can  be  drawn  off  as  required  by  piercing  at  an  appropriate  height.  The  electrodes 
are  so  adjusted  that  there  is  a  small  clearance  between  them  and  the  charge,  so  that  an  arc  plays 
between  each  electrode  and  the  fused  charge,  through  a  thin  layer  of  vapour  in  which  the  action 
chiefly  takes  place.  By  this  means  the  current  is  prevented  from  becoming  diffused,  and  a  region 
of  very  high  temperature  is  available  for  the  reaction.  In  the  production  of  ferro-silicon  an  alternating 
current  is  generadly  used  ;  a  direct  current  may  be  employed,  but  the  product  is  then  less  pure,  since 
it  contains  foreign  metals  produced  by  the  electrolysis  of  impurities  in  the  charge.  The  voltage 


Fig.  7. — Keller  Furnace.  Fig.  8. — Modern  Ferro-Silicon 

Furnace. 

used  varies,  according  to  the  circumstances,  from  about  40-80  volts.  Modem  furnaces  take  up 
to  4,000  H.P.,  and  even  larger  (5,000-8,000  H.P.)  three-phase  furnaces  are  in  use  in  Norway 
and  Austria.  The  largest  furnaces  are  said  to  take  10,000  H.  P. 


Properties.---Ferro-silicon  is  a  hard,  greyish  substance  of  crystalline  structure, 
and  consists  of  various  compounds  of  iron  and  silicon  in  alloy  with  either  element. 

Its  composition  varies  widely,  commercial  ferro-silicon  having  a  silicon  content  which  may 
r^ange  from  alx)ut  10  per  cent,  to  ov^  96  per  cent,  (see  Silicon).  Silicides  of  iron  having  the 
formulae  FeSi,  FeSi^  Fe2Si,  and  Fe^Si^,  have  been  definitely  isolated,  while  three  other  silicides, 
FeSis,  Fe^Si,  and  Fe3Si4,  are  said  to  exist. 

Ferro-silicon,  as  made  in  the  blast  furnace,  has  a  low  percentage  of  silicon,  but  the 
modem  type  of  electric  furnace  has  tended  to  increase  the  silicon  content,  the  chief 
grades  now  made  containing  about  25  per  cent.,  50  per  cent.,  75  per  cent,  and 
90  per  cent  of  silicon.  .  The  50  per  cent  grade  is  the  most  used.  Different  grades 
of  f^rro-silicon  naturally  vary  in  properties.  The  melting  point  may  roughly  be 
said  to  range  from  1,200“  to  above  1,400“;  while  the  specific  gravity,  according  to 
J.  Rothe,  is  6.96  for  a  silicon  content  of  11.6  per  cent,  6.48  for  24.3  per  cent,  4.55 
for  47.3  per  cent,  and  2.93  for  77.3  per  cent  Ferro-silicon  is  a  good  conductor  of 
electricity,  and  is  magnetic,  its  magnetic  qualities  diminishing  as  the  silicon  content 
rises. 

Ferro-silicon  generally  contains  as  impurities  calcium,  aluminium,  magnesium, 
manganese,  phosphoms  (and  sometimes  traces  of  arsenic),  sulphur,  and  carbon. 
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The  presence  of  more  than  a  very  small  amount  of  phosphorus  is  avoidecl,  since  seriouH^eKplohiims, 
tliought  to  be  due  to  the  generation  of  phosphoretted  hydrogen,  have  taken  place.  1'he  grades 
■of  ferrO'Silicon  most  liable  to  become  explosive  are  said  to  Ikj  those  containing  P®**  cent, 

of  silicon. 

Uses  of  Ferro-Silicon.- . -It  is  used  extensively  in  the  steel  industry  as  a  reducing  agent.  For 

many  years  one  of  the  great  problems  of  the  steel  indu^ry  was  how  to  diminish  or  avoitl  the  blow¬ 
holes  and  pipes  that  were  formed  when  steel  was  poured  from  the  ladle  into  the  large  ingt>t  moultk. 
It  was  often  necessary  to  cut  off  20-25  jicr  cent,  of  the  upper  part.s  of  the  ingot  before  |«*rfertly 
sound  metal  was  reached.  It  was  found  that  the  atldiiion  of  cjuite  small  anuaints^  sav  per 
cent.,  of  ferro-silicon  to  the  steel  while  in  the  ladle  evfdved  much  heat  from  the  combuilion  of 
the  silicon.  This  thinned  the  metal  and  absorbed  the  <»xygen  dissolved  in^the  steel,  with  the 
result  that  on  pouring  into  the  moulds  there  resulted  perfectly  solid  ingots  with  no  blow-holei  at 
all.  This  discovery  has  made  ferro-silicon  an  important  article  of  commerce,  and  it  k  Imng  used 
to  an  increasing  extent  in  the  steel  industry. 

Ferro-silicon  is  also  used  for  producing  some  of  the  extraordinary  arid -proof  ir«»nR  now  cm  the 
market.  Ironac,  tantiron,  duriron,  etc,,  all  tamtain  silicon  (see  Vob  I.,  Sulphuric  Acid  Induitry), 

Storag^e  and  Transport.— The  evolution  of  pcusonous  and  explosive  gasei  (probably  l*Ha) 
from  ferro-silicon  containing  appreciable  amounts  of  phosphorus  cauicd  scverfil  accidenti  (tec 
Pellew,  **  B'erro-Silicon  and  Us  I  larders/ 19*4*  33i  7741*  ^  ronnecptf  ndy 
in  July  1912  the  British  Board  of  Trade  warned  shipm’rs  that  the  carriage  of  ferro»silicon  beiween 
30-70  per  cent.  Si  is  highly  dangerous,  and  was  nronihiicd  on  Imth  cargo  an<l  pft»sengcr 
Above  and  below  that  grade  it  can  lit  carried  if  Woken  in  piece#  and  stored  fc^r  a  month  before 
shipment,  and  packed  in  strong  wooden  cases  pierced  with  holes  and  prci|rfrly  labelled,  Ferro* 
silicon,  however,  as  now  made  with  purer  materials,  is  not  dangerous. 

Statistics. -—Ferro-KiUcon  was  first  manufactured  in  America  by  the  Willson  Aluminium  C'oni- 
panv  in  1899,  and  is  now  made  extensively  in  France,  Auftriii,  Swit?,erland,  and  Norway,  notably 
at  Bozel,  Ugine,  Lifet,  Meran,  Courtepin,  and  Montlmvon. 

The  Electro- Metallurgical  Co,,  of  Ni^ara,  started  to  manufteture  ferro-iillcon  in  1907,  and  now 
turn  out  about  15,000  tons  annually,  Tne  Electro- Metali  Co,,  at  W’elltnd,  Can«k,  rommcricwl 
the  manufacture  of  the  substance  tn  1908,  anti  prcKluce  annually  7,000-8,000  tom.  The  average 
consumption  of  ferro-silicon  in  the  United  States  wa8,  in  1914,  2o,ooc,5  loni;  f|0  per  cent,  of  tms 
was  50  per  cent,  ferro-iilicon,  and  the  price  at  PittslAirg  in  1913.14  wm  $yi  a  t«»n. 


CALCIUM  CARBIDE 

Calcium  Carbide,  CaC,,  is  produced  by  heating  a  mixture  of  lime  and  carbon 
in  the  electric  furnace,  when  the  following  change  takes  place 

CftO  i  3C  C»C,  f  CO. 

this  reaction  being  a  reversible  one.  The  temperataw'at  which  the  carbide  is 
produced  in  the  electric  furnace  is  variously  given  at  3,000*,  2,000*,  or  Iowct. 

The  raw  materials  consist  of  freshly-bumt  lime,  containing  little  magnesia 
and  alumina ;  and  of  anthracite  or  high  grade  coke,  containing  less  than  s  per  cent, 
ash,  or  chaicoal 

The  materials  are,  as  far  a*  free  from  phrwphorus,  arKenie,  ami  sutphur.  It  ha,  Imen 

found  that,  as  in  the  case  of  ferro  slliom,  the  jwesenee  of  phosphtmis  and  arsenle  gives  ri>«  to  et»m- 

Munds  which  may  render  the  acetylene  produced  from  the  earlrtde  explosive  awl  highly  dangerous. 

The  materials  are  mixed  together  and  fed  into  the  futna<;e,  by  hand,  in  tlie  form  of  small  lum|>s. 

The  electric  furnaces  uwd  in  the  various  countries  in  which  calcium  carbide 
is  manufactured  are  of  many  different  types.  In  the  m^ority  of  the  more  motlern 
furnaces,  in  which  both  electrodes  enter  the  furnace  from  above,  the  carbide  is 
tapped  in  a  molten  form  at  described  under  Ferro-Silicon ;  in  others,  chiefly 
belonging  to  the  older  types,  the  carbide  is  taken  from  the  furnace  iti  solid  blocks, 
the  furnace  body  in  which  the  carbide  is  formed  either  being  wheeled  away  or,  as 
in  the  case  of  the  Horry  furnace,  being  caused  to  rotate  and  thus  carry  the  carbide 
away  from  the  sphere  of  the  electrixles. 

In  the  modem  Alby  furnace  (Mg.  9),  which  is  used  by  the  Alby  United 
Carbide  Factories  at  Odda,  Norway  fiee  Emirntrim,  87  (1000 11.  the  carbide 
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by  means  of  a  steel  grill  into  which  a  graphite  composition  is  pressed,  while  the 
other  electrode  is  constituted  by  a  group  of  adjustable  carbons  depending  through 
the  roof.  A  topping-hole  is  provided  at  one  end  of  the  furnace,  through  which 
the  carbide  is  withdrawn  every  forty-five  minutes. 

Fig.  10  shows  11  coniplete  carbuie  plant  of  4,000-6, otx>  kw.,  erecltnl  in  NtHway.  A  is  the 


tapping  armngement  which  mm  on  wlieek.  It  i»f  a  r»iti  rnkiut  i8  ft.  Iiifif,  at  tlie  mil  «f 

which  »  an  electrode  connected  to  a  copper  eonclttctifip  cahlr  K.  h  riffeiii  it  oiiiiitetotl 

with  this  electrode,  which,  when  applfeci  to  the  op«iilfi|  In  the  »iile  III#  fiifnac©  liy  th# 

solidified  walls  of  material,  melts  a  hole  through  if  ft  of  materkl  in  ateiit  twmly  to  lt»l 

the  white-hot  molten  carbide  flows  out  and  runt  on  into  tht  kfin  tf»ft  |tro¥icliil  f«r  it 

The  furnace  is  built  of  refractory  material  lined  with  mthm,  T  art  the  trtii*fof»#r*,  the 
ventilating  ima  for  tir-coollng  the  furnace  walli,  w  the  wintllng  gear  for  rtking  atifl  tow«fittg  the 
electrodes  into  the  furnace. 

The  molten  carbide  is  allowed  to  cool  in  CMt-iron  Irayi,  whew  it  forms  iltl» 
about  6  in.  thick,  which  are  afterwards  broken  up. 
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The  Odda  works  at  present  contain  twelve  furnaces,  each  of  about  i,K(X)  rapacity,  and  erne 
larger  furnace  ;  but  the  number  is  in  process  of  being  alnuist  doubled.  The  current  is  staled  to  I  a* 
28,000  amperes  at  50  volts,  and  each  furnace  is  caj-mble  of  producing  7  8  tons  of  carbide  per  day 
of  twenty-four  hours.  2,000  lbs.  of  Hrnc  and  1^300  lbs.  of  anthracite,  with  less  than  3  jhu’  cent, 
of  ash,  are  consumed  per  ton  of  carbide.  The  temperature  attained  is  suitl  to  be  between  2, Sex/’ 
and  3,000®,  and  the  workmen  are  shielded  frcun  the  heat  by  means  of  wire  hcreens. 


At  Niagara  Falls  and  at  Sault  Sainte  Marie,  the  Union  Carlride  ('unipany  employ 
the  Horry  type  of  rotary  furnaces. 


The  furnace  consists  of  a  vertical  rotating  wheel  of  sheet  iron,  S  ft.  in  diameter  iimi  3  h.  broad. 
The  outer  rims  are  flanged,  and  over  the  flanges  are  placed  removable  irtm  segments,  t  ft.  tieep.  iti 
as  to  form  an  annular  receptacle.  These  segments  are  lH)hed  to  the  k»wer  half  of  the  wheel  ordy, 
plates  being  removed  as  they  come  by  the  rotation  into  the  upper  half,  and  placed  in  iMwiiion  m  a 
space  under  the  electrodes  becemtes  vacant.  The  electrodes  are  ftjrmed  by  bundles  of  carlams, 
which  pass  into  a  fixed  vertical  .shaft,  into  which  the  charge  is  fed.  As  the  carbide  is  formed,  the 
wheel,  which  is  under  automatic  electrical  control,  is  caused  to  rotate,  ami  thus  carries  the  product 
out  of  the  sphere  of  the  arcs.  When  the  carbide  has  reached  the  other  side  of  the  wheel,  it  has  had 
time  to  cool,  and  is  broken  off  in  pieces  6-9^  in,  thick,  A  ctimplete  revcduiion  is  mid  to  take 
place  once  in  twenty«four  hours.  The  cajmeity  of  the  furnace  in  501)  H.lh,  and  the  current  h 
3,500  amperes  at  1 10  volts. 

Both  direct  and  alternating  currents  can  be  used  for  rarliide  marmfaclure,  tlmugh  the  huierarr 
generally  the  more  advantageous.  Recently*  very  large  thmble  three-phase  furnaces  have  Iren 
successfully  operated  on  the  C'onlinent.  The  largest  furnaces  run  up  to.cxxi  11.  P. 

Commercial  calcium  carbide  is  usually  about  So  Sj  |H;r  cent,  pure,  am!  always  contains  lime 
as  @n  impurity.  Carbon  ami  iron  are  armmg  the  other  impuritieH  cHmnmmly  found. 


Properties  and  Uses.—C^xdcium  carbide,  (!aC.^,  in  the  pure  state  in  a  ttrlour 
less,  transparent  crystalline  substance,  but  the  commercial  product  k  usually 
greyish  or  brownish,  the  colour  being  due  to  impurities.  It  has  a  8pef!ifu*  gravity 
of  2.22,  and  is  insoluble  in  all  known  solvents.  At  a  temperature  above*  1,500'*  It 
decompose.s,  probably  into  carbon  and  a  sub'Carbidt^  Its  chief  chemical  rciiVtions 
upon  which  its  commercial  value  is  based  are*  firstly,  its  profierty  of  reacting  with 
water  in  the  cold  to  give  acetylene  gas  (see  Martin's  **  Iiulustriai  Chemistry: 
Organic which  is  used  to  a  very  large  extent  for  illuminating  ami  other  purpo»es : 

CiiC,,  I  2llp  -  C4(t)II|a  I  Cgl!,.; 

and  secondly,  the  power  of  combining  with  nitrogen  at  11  ti?niprratiir«i  of  aliout 
1,200*  to  form  calcium  cyanamide  (see  Vol.  I.)f  which  is  uml  m  a  fertiliser  under 
the  name  of  nitrolim,”  or  k  employed  m  a  basis  for  the  production  of  anttwiniuin 
sulphate  (see  Vol  L) 

I  •  Ciumj  i  (u 

CaCNg  f  all/)  1  ^  {Nll4|Hf)|  1  TaHOj  i  V4K 

Calcium  carbide  was  first  are|iared  by  Wohler  la  t86j,  by  the  aetkut  *if  «  imdtea  idliiy  af  lint* 
and  calcium  on  carlxm ;  be  obtained  a  black  mibitance  which  evolved  on  Ireatiitriit  with  crilil 
water.  In  1892  kah  Willson  and  Molisan  independently  redivtn'crerl  the  ^ntetfititrr,  tml  ttir 
first-named  placed  the  procew  on  a  rtimnten'kt  \m%i%  The  firit  rommerriid  |iif«lncthi«  **f  ratdwtii 
carbide  was  made  by  the  Wilkon  Alumiiilum  Work  in  Amerim  in  1892*  ami  4nre  tliai  time  the 
industry  has  extended  to  en«>rmot«  climenitons. 

The  largest  carbide  plant*  are  wtiwted  at  Niagara  Falk  (IIS.  A.) ;  Selienico  f  Aiwlrkh  Otlik 
(Norway);  Sault  Sainte  Marie  (U.S.A.I;  AMxdi  (Italy)  ?  Vie|fe  (Swlt/.erkiiil) ;  Ckdk'ttiUf  (Ilnlyl  i 
Fapigno  (Italy) ;  Jijce  (Boinia) ;  ^M#ran  (Auitrla) ;  anti  Noire  t>ame  dr  lirknom  |I‘ wncek 

In  the  year  1910-1:!  the  worltfs  ttUal  prtaiuctitm  of  t^iilrtuin  carbide,  etriiixive  t»l  itiat  fur 
the  manufacture  of  cyanamide,  ummintt?d  to  nearly  ato.cxKi  im%  Thr  rlitrf  ctninnie^  piofluelitg 
it  were  m  follows  * 


Gamiry. 

Sweden  and  Norway 

U.S.A.  ■ 

France 

Switzerland 

Italy 

Austria* Hungary  * 
S^in  and  Portugal 
Canada 
Germany  - 
Englantf  « 


Profluetiiin  H 

’  ^(\mxh 
-  32,otx>, 

'  a3,5cxj. 

I  i,otm 
7,0X1. 
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SliCTION  LXXXVII 

GRINDING  AND  POLISHING 

matp:rials 

Including  Abrasives,  Panery  Wlieels,  etc. 

By  Ai.krei)  B.  Skari.k 


LI'l'ERATURlC 

Thkrb  is  very  little  litemiure  <if  a  special  character  on  grinding  and  polishitig,  and  the  reader  would 
do  well  to  studjf  the  chapters  dealing  with  these  subjects  in  works  dealing  with  the  particulnt  iriule 
in  which  he  is  mterestetl—  metal  working,  lens  making,  etc. 

The  following  books  deal  siiecially  with  the  use  of  grinding  wlieels  :  - 

A.  IIaknio. Emery  and  its  Industry.”  London,  iqiz. 

G.  T.  Stibr. — “Die  Heutigt;  Metall-Technik."  i  Band.  (.Schleifmittel  tind  l‘ol|ercn.) 
Leipzig,  tgii. 

Attention  is  drawn  to  the  fact  that  numerous  articles  on  this  sulijeti  h.tve  appeared  in  varimis 
engineering  periodicals,  the  following  licitig  siHieially  worthy  of  notice  ;  — 

J.  iltiRNRR. — “ Grinding  Machines."  Rngirntrin^,  thtS- 
II.  Darbvshirr.  -" Grinding  Wheel*  ami  t’rocessea."  tf*rlmrl\  AUnthly 
Coventry,  1915. 

G.  W.  Hirat.KV.—**  Notes  on  Abrasive  WtieeU.”  ff'er/*/,  Manchester,  1911. 


Materials  for  grinding  and  polishing  are  necessarily  of  an  abrasive  chameter,  as 
their  action  depends  on  the  removal  of  projections  on  the  surface  tt)  be  ground  or 
polished.  The  two  processes  of  grinding  and  polishing  are  closely  allied  to  eaclt 
other,  polishing  usually  being  the  final  stages  of  grinding,  though  sometimes 
accompanied  by  a  filling  up  of  hollows  which  Is  not  really  a  process  strictly  to  l>e 
included  under  grinding.  In  order  to  act  effectively,  grinding  materials  must  have 
a  hardness  greater  than  that  of  the  material  to  lie  gniund,  and  the  same  Is  largely 
true  of  polishing  agents ;  but  whereas  in  grinding,  an  agent  of  much  greater  hardness 
than  the  one  to  be  ground  will  usually  prove  economical,  because  of  the  speed  at 
which  it  can  be  made  to  operate,  the  use  of  too  bird  a  material  in  |)olishing  will 

prevent  a  satisfactorily  polished  surface  being  obtained  as  it  will  cut  too  much  into 

the  surface  to  be  polished.  It  is,  therefore,  necessary  in  polishing  to  use  a  series 
of  abrasives,  the  earlier  members  being  hard  and  rapid  in  action,  and  the  later  ones 
progressively  softer  so  as  to  exercise  a  regularly  diminishing  action.  To  some  extent, 
this  effect  may  also  be  produced  by  reducing  the  si/,o  of  the  grains  of  the  abrasive ; 

thus,  a  very  rough  piece  of  steel  may  he  first  trimmed  with  a  fine  chisel,  which  will 

remove  any  prominent  projections.  It  may  then  lie  turned  in  a  lathe,  which  will 
produce  a  still  smoother  surface ;  the  polishing  may  Iw  continued  by  the  use  of 
coam  emery  powder,  followed  by  emery  powder  of  greater  fineness,  and  the  final 
polish  may  be  mven  by  the  use  of  rouge  or  lime. 

Many  polishing  materials  are  softer  than  the  surfaces  to  lie  polished,  but  the 
pressure  at  which  they  ate  applied  gives  them  the  effect  of  a  greater  hardness. 
'Tbna  a  oariM  nf  r-loth  discs,  mounted  so  as  tO  form  a  sort  of  wheel,  is  comnosed  of 
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an  extremely  soft  material,  but  by  revolving  the  cloths  at  a  high  rate  of  speed  they 
appear  to  become  quite  hard,  and  form  a  very  efficient  polishing  tool,  particularly 
if  fed  with  rouge  or  lime. 

Some  polishes  do  not  require  to  be  hard  enough  to  abrade  the  surface  to  be 
polished,  but  only  sufficiently  so  to  remove  tarnish  ;  this  is  particularly  the  case  with 
polishes  for  gold,  silver,  furniture,  etc. 

Grinding  materials  and  polishes  may  be  divided  into  a  number  of  groups,  but  a 
satisfactory  classification  is  not  possible.  The  most  important  are  : — 

{a)  Hard  mineral  abrasives,  such  as  diamond  powder,  steel,  carborundum, 
emery,  and  sand. 

(b)  Mild  mineral  abrasives,  such  as  chalk,  rouge,  pumice,  kieselguhr  and 
tripoli  powder. 

(c)  Waxy  polishes,  used  chiefly  for  wood,  leather,  boots,  and  shoes,  etc. 


GRINDING  APPLIANCES 


The  hard  mineral  abrasives  are  used  in  a  variety  of  forms,  the  chief  of  which 
are  (i)  Cutting’  tools,  the  material  being  solid  with  a  sharp  edge  or  point,  as 
a  steel  chisel  or  file,  a  fragment  of  diamond;  these  appliances  abrade  by  their 
intense  hardness,  which  enables  them  to  cut  into  the  material.  (2)  Crushing 
tools,  such  as  pestles  and  mortars,  grinding  mills  and  crushing  rolls ;  these  act 
by  the  pressure  applied  to  them  being  greater  than  the  material  to  be  ground  or 
polished  can  withstand,  the  tools  themselves  being  made  of  a  material  of  sufficient 
hardness  not  to  be  damaged  by  the  pressure  and  grinding.  Some  crushing  tools 
may  be  used  on  account  of  their  hardness ;  when  grinding  razors  and  cutlery,  the 

grindstones  depend  quite  as  ifiuch  on  the  abrasive  action  of  the  sand-grains,  of  which 
they  are  compos^,  as  on  the  pressure  applied.  (3)  Abrasive  powders,  which 
remove  irregularities  in  the  surface  to  be  ground  partly  by  reason  of  the  intrinsic 
hardness  of  the  powder,  and  partly  because  of  the  pressure  with  which  it  is  applied. 

Cutting  tools  used  for  grinding  need  not  be  fully  described,  as  they  are  quite 
well  known.  Crushing  tools  are  made  of  either  natural  materials  or  of  artificially 
prepared  ories,  according  to  the  purpose  required  and  the  materials  to  be  treated. 
The  grinding  mills  (pp.  166,  204)  in  use  at  the  present  time  are  made  of  iron 
or  steel  framework,  the  actual  grinding  surface  being  of  either  specially  hardened 
metal,  a  natural  stone  (sandstone)  or  an  artificial  stone  (emery  wheels).  Where 
the  whole  structure  is  of  metal,  the  grinding  surfaces  (as  in  crushing  rolls)  are 
parallel  cylinders  of  steel  or  specially  chilled  iron,  one  cylinder  rotating  somewhat 
fasto  than  the  other  so  as  to  give  a  slight  spreading  action.  For  some  purposes 
It  IS  preferable  to  have  two  plates  of  hard  metal,  one  of  which  is  fixed  almost 
vertically,  whilst  the  other  works  on  a  hinge  and  a  lever  and  is  moved  reciprocally 
to  the  fixed  plate;  such  an  arrangement  is  used  in  the  Blake  Marsden  and  other 
welTknown  stone-breakers  or  jaw-crushers.  Another  mechanism  for  grinding 
h^d^matenals  is  a  disintegrator,  which  consists  of  a  series  of  steel  hammers 
whmh  rotate  rapidly,  and  are  thus  brought  with  considerable  force  into  impact 
with  the  material  to  be  ground.  Edge-runner  mills  are  usually  provided  with 
wheels  or  runners  of  sandstone,  but  these  are  not  infrequently  fitted  with  steel 
nms  or  tires,  so  that  these  machines  really  belong  to  the  “all-metal”  class.  Edge- 
rxmner  mills  ^e  extaa^vely  used  for  grinding  rocks,  shales,  and  other  minerals 
where  a  high  degree  of  fineness  is  required.  Ball  mills,  centrifugal  mills,  imd 
stamping  mills  are  other  forms  of  all-metal  appliances  used  in  grinding,  and 
the  reader  should  consult  special  treatises  regarding  the  details  of  their  construction. 


^  Mill-stones,  such  as  are  used  in  flour  mills,  operate  horizontally,  the  material 
being  crushed  or  ground  between  the  upper  and  the  nether  stone.  The  stones 
are  made  of  selected  rock,  chert  being  preferred,  but  sandstone  being  also  used 
extensively.  In  the  gnnding  of  raw  materials  for  the  potteries,  a  mill  consisting  of 
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a  stone  pavement  over  which  is  dragged  a  circular  frame  containing  large  lumps 
of  chert  or  other  hard  stone  is  used,  the  material  being  crushed  between  the  two. 

The  grindstones  used  for  sharpening  edge-tools  are  carved  from  stones 
selected  from  the  millstone  grit  deposits,  particularly  those  round  Matlock.  They 
wear  rapidly,  require  frequent  dressing,  and  produce  a  large  volume  of  dust  of  an 
injurious  character.  Since  their  replacement  by  grinding  wheels  made  artificially 
(as  described  below)  “grinder’s  phthisis”  has  been  almost  exterminated.  A 
corundum  wheel  will  last  about  twenty-five  times  as  long  as  a  gritstone  wheel,  so 
that  the  risk  of  the  dust  from  it  injuring  the  lungs  of  the  user  is  negligible. 

For  grinding  by  hand  it  is  usual  to  employ  a  pestle  and  mortar ;  these  may  be 
made  of  a  specially  hard  stoneware  (p.  193)  or  of  steel,  according  to  the  hardness 
of  the  material  to  be  ground  or  crushed.  For  chemical  purposes,  pestles  and 
mortars  made  of  polished  agate  are  extensively  used.  Mullers  or  flat-ended 
hammers  are  also  used  for  grinding  small  quantities  of  material.  They  are  rubbed 
over  the  material  to  be  ground,  the  latter  being  placed  on  a  plate  of  glass  or 
polished  metal. 

A  special  form  of  grinding  device  which  has  come  into  great  prominence  in 
recent  years  is  the  grinding  wheel  made  of  a  hard  abrasive  material  formed  into 
a  disc  of  convenient  size  and  rotated  at  a  peripheral  speed  approaching  6,000  ft, 
per  minute.  Such  grinding  wheels  have  proved  invaluable  in  the  dressing  of 
castings  and  for  a  variety  of  other  purposes,  and  in  some  large  works  they  are 
rapidly  replacing  lathes  on  account  of  the  greater  speed  at  which  they  work.  For 
many  purposes,  such  grinding  wheels  can  be  operated  in  a  stream  of  water,  and 
the  metal. to  be  dressed  is  therefore  kept  quite  cool,  and  its  temper  is  retained 
without  much  difficulty. 

Grinding  wheels  are  of  many  different  types  and  are  made  in  a  great  variety  of  shapes,  sizes, 
and  hardness,  so  as  specially  to  be  suited  to  the  requirements  of  the  users.  One  large  firm  in  the 
United  States  claims  to  have  over  three  hundred  different  types  of  wheel  in  slock,  and  makes  wheels 
with  some  thirty-six  different  degrees  of  hardness. 

The  manufacture  of  grinding  wheels  is  rightly  regarded  as  dependent  on  the 
knowledge  of  numerous  trade  secrets,  few,  if  any,  of  which  have  been  published ; 
it  is,  however,  common  knowledge  that  all  such  wheels  are  composed  of  two 
ingredients — the  abrasive,  and  the  bond  which  unites  the  grains  of  abrasive  together. 
The  kbrasive  may  be  composed  of  emery,  carborundum,  corundum,  alundum, 
or  other  suitable  material,  and  the  bond  may  be  (a)  vegetable,  as  shellac,  rubber, 
or  ‘‘boiled”  linseed  oil  and  resin,  (d)  siliceous,  as  water-glass,  (c)  vitrified,  as  in 
porcelain  or  ceramic  wheels,  or  (d)  cementitious,  as  in  wheels  bonded  with  cement. 

The  wheels  made  with  a  vegetable  bond  are  elastic,  but  their  speed  of  cutting  is  limited  by  the 
temperature  at  which  the  bond  “burns,”  and  is  therefore  somewhat  low.  Wheels  with  a  siliceous 
bond  can  be  worked  more  rapidly,  but  the  most  rapid  wheels  of  all  are  those  with  a  vitrified  bond. 
It  ha:s  been  found  that  wheels  having  a  bond  of  Portland  cement  are  unsatisfactory,  as  the  cement 
occupies  the  spaces  between  the  grains  of  abrasive  in  such  a  manner  that  instead  of  allowing  a  clean 
cutting  abrasive  action,  the  wheel  becomes  polished  or  “glazed,”^  and  then  fails  to  cut  properly,  as 
its  cutting  fragments  have  been  covered  with  cement.  Wheels  made  with  sorel  cement  (magnesia  and 
magnesium  chloride,  see  pp.  128,  130)  are  also  unsatisfactory,  as  they  are  readily  decomposed  by  water. 
The  best  wheels  for  general  use  are  those  with  a  vitrified  bond,  provided  they  are  made  sufficiently 
porous,  and  that  the  bond  is  sufficiently  fusible  to  unite  the  particles  firmly,  though  it  must  not  be 
melted  prematurely  by  the  heat  developed  when  the  wheel  is  in  use— the  bond  used  in  vitrified 
wheels  is  usually  a  mixture  of  70-90  parts  of  finely  ground  felspar  with  10-30  parts  of  a  "vitri- 
fiable  clay,  the  Klingenberg  clay  being  preferred  to  most  others.  It  is  essential  that  the  bond  shall 
be  very  viscous  when  fused,  as  “  thin”  bonds  do  not  hold  the  particles  of  abrasive  sufficiently  firmly. 

Vitrified  bonds  are  greatly  improved  by  the  addition  of  a  little  water-glass  ,*  this  strengthens  the 
wheels  and  facilitates  the  handling  of  them  during  the  various  stages  of  manufacture. 

The  ideal  abrasive  wheel  would  be  one  in  which  the  particles  of  abrasive  are  held  together 
by  the  bond  until  they  are  worn  away  or  until  they  become  too  dull  to  cut,  after  which  the  bond 


1  “Glazing”  is  one  of  the  commonest  defects  of  grinding  wheels.  It  is  usually  due  to  (^z)  a 
wheel  with  too  hard  a  bond,  (3)  a  wheel  which  rotates  too  rapidly,  (<r)  too  much  surface  in  contact 
with  the  work,  (d)  insufficient  pressure  on  the  wheel  or  surface  to  be  ground,  and  (e)  an  excessively 
abrasive  bond  which  “smears”  the  abrasive  particles  instead  of  falling  away. 
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surrounding  such  particles  would  break  off,  leaving  a  fresh  surface  to  continue  the  grinding. 
Hence  the  bond  must  be  of  such  a  nature  and  in  such  a  proportion  that  it  is  reduced  to  powder 
at  the  same  rate  as  the  abrasive  particles  are  worn  away ;  otherwise  the  wheel  will  have  to  be 
“dressed”  frequently.  This  is  objectionable  for  various  obvious  reasons,  though  an  occasional 
dressing  is  almost  unavoidable. 

The  wheels  are  manufactured  by  mixing  the  abrasive  and  bond  in  suitable 
proportions  so  as  to  form  a  plastic  paste,  which  is  filled  into  a  mould  made  of  either 
wood  or  steel  according  to  the  number  of  wheels  required.  In  some  cases  the 
moulded  mass  is  compressed  hydraulically  in  order  to  give  it  added  compactness 
and  strength.  According  to  the  nature  of  the  bond,  the  moulded  mass  must  be 
left  or  subjected  to  some  heat  treatment  whereby  its  bonding  properties  may  be 
fully  developed.  Wheels  with  an  elastic  or  siliceous  bond  are  baked  at  a  tempera¬ 
ture  of  i5o®-2oo‘’  C.  Those  with  a  vitrified  bond  require  to  be  heated  for  sixty 
hours  in  a  kiln,  the  final  temperature  attained  being  about  1,400'"  C.  The  rough 
wheels  have  a  shaft  fitted  to  the  central  hub,  and  are  turned  true  by  means  of 
diamonds  or  “  dressing  tools”  of  exceptionally  hard  steel,  after  which  they  are  ready 
for  use. 

The  manufacture  requires  considerable  knowledge  of  a  special  character  and  a  high  degree  of 
technical  and  mechanical  skill,  for  the  best  wheels  are  made  of  an  artificial  abrasive  which  has 
to  be  prepared  in  an  electric  furnace,  and  the  bond  is  developed  by  heating  the  moulded  wheel  in 
a  kiln  under  conditions  equivalent  to  those  for  the  most  delicate  porcelains.  Moreover,  the  tests 
applied  to  the  finished  wheels  are  necessarily  far  more  severe  than  those  applied  to  most  other 
materials,  for  first-class  grinding  wheels  must  stand  an  enormous  peripheral  speed  of  rotation  and 
be  capable  of  being  brought  up  “dead”  against  the  material  to  be  ground  without  there  being  the 
slightest  likelihood  of  the  wheel  flying  to  pieces  or  being  crushed  in  the  impact.  In  order  to  drive 
such  a  wheel  at  its  highest  speed  it  is  necessary  to  see  that  it  is  perfectly  balanced  ;  this  is  one  of 
the  chief  objects  of  turning  or  “dressing  it”  before  offering  it  for  sale. 

The  two  chief  characteristics  of  abrasive  wheels  pe  the  fineness  of  the  texture  (due  to  the  size 
of  the  particles  of  abrasive  and  known  as  the  grain  or  grit  of  the  wheel)  and  the  hardness^  or 
resistance  to  crumbling  (technically  known  as  the  gprade).  The  various  grade.s  are  produced  by 
altering  the  nature  and  proportion  of  the  bond  used  to  hold  the  grains  together. 

The  fineness  or  sizes  of  grain  in  the  abrasive  are  usually  expressed  by  a  series 
of  numbers, 2  “and  the  hardness  or  grade  is  represented  by  a  series  of  letters, 
arranged  alphabetically,  A  representing  the  softest  and  Z  the  hardest  grades.  The 
following  table  by  Burley  shows  the  classes  of  work  for  which  the  various  grades 
are  most  suitable ;  it  is,  however,  very  incomplete,  no  indication  can  be  given 
of  the  nature  of  the  abrasive  nor  of  the  bond  used. 

Table  giving  Grade  and  Grain  for  Different  Classes  of- Work. 


Class  of  Work. 

Size  of 
Grains. 

Degree  of 
Hardness. 

General  machine  work 

30—36 

N— P 

Tool  grinding . 

20—30 

N~Q 

Malleable-iron  castings  - 

16—20 

0—R 

Chilled -iron  castings 

16 

P-R 

Wrought  iron . 

16 

0— g 

Car-wheel  grinding  ...  - 

20 

N— R 

Drop  forgings . 

30 

P 

Twist  drills . 

46 

K-N 

Reamers  and  taps  ...  - 

46—60 

K—N 

Milling  cutters  .  -  .  „ 

46—64 

K— N 

Steel  castings . 

r6 

P~-R 

Brass  castings . 

30 

M— Q 

Bronze  castings  .  .  -  . 

20 

0— P 

Lathe  and  planer  tools 

20—36 

0~Q 

Small  tools . 

60 

N— F 

Woodworking  tools  -  -  -  . 

46 

K^.N 

Rough  grinding  -  -  .  . 

16 

0-Q 

Surface  work  on  steel 

20 

M~P 

1  When  manufacturers  speak  of  hard  or  soft  wheels  they  refer  to  the  behaviour  of  the  wheel  m 
a  whole,  and  not  to  the  abrasive  or  bond  of  which  it  is  composed. 

2  Nominally  the  number  of  holes  per  running  inch  in  a  sieve  which  will  just  pass  the  particles. 
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H.  Darbyshire  has  published  the  following  figures  showing  the  fineness  of 
wheels  specially  suitable  for  the  materials  mentioned : — 


Marble  -  -  -  -  -  -  -  -  2  to  6 

Glass  ---------  16 

Soft  cast  iron  --------  24 

Hard  cast  iron  --------  46 

Bronze  -  -  -  -  -  -  -  -  -  60  to  80 

Machine  steel  or  cast  steel  (either  hard  or  soft)  where  rapid  reduction 

of  stock  is  required,  and  up  to  60  grit  when  high  finish  is  desired  24 


For  precision  work  in  engineering  shops,  wheels  containing  several  sizes  of 
grains  are  used.  Thus,  for  most  purposes,  a  wheel  made  of  24,  36,  60,  and  80  grit 
has  all  the  advantages  of  a  24-grit  one,  together  with  the  finishing  power  of  an  80- 
grit  wheel  and  greater  economy  in  use. 

The  reader  interested  in  the  manufacture  of  grinding  wheels  should  consult  the  works  by 
Haenig,  Stier,  etc.,  mentioned  in  the  Literature  list  on  p.  413.  At  the  same  time  he  should  not  be 
disappointed  if  he  gains  little  or  no  information  on  the  points  on  which  he  requires  it  most  urgently, 
for  the  manufacture  of  vitrified  wheels  is  kept  more  rigidly  secret  than  any  other  corresponding 
industry.  The  manufacturers  of  the  wheels  are  willing,  in  most  cases,  to  give  useful  hints  on 
the  selection  and  employment  of  their  wheels  for  various  operations. 

Abrasive  paper  and  cloth  is  made  as  follows : — 

First  the  stock  passes  between  circular  rolls  which  print  on  one  side  the  name  of  the  company, 
the  kind  of  abrasive  used,  and  its  number  ;  it  then  passes  between  two  rubber  rolls,  the  lower  one 
of  which  is  immersed  in  a  tank  of  hot  glue.  The  coat  of  glue,  which  is  deposited  on  one  side,  is 
next  spread  evenly  by  a  narrow  brush  which  extends  across  the  stock,  and  has  a  very  rapid 
reciprocating  movement.  Just  beyond  the  brush  there  is  a  hopper,  from  which  an  even  stream  of 
abrasive  falls  upon  the  stock  ;  the  latter  then  passes  under  a  steel  roll,  which  forces  or  imbeds  the 
abrasive  grains  into  the  glue,  holding  them  firmly  on  the  stock. 

The  paper  or  cloth  next  passes  over  an  elevated  drum,  and  is  then  gathered  up  into  loops  about 
12  ft.  long  by  an  endless-chain  mechanism,  which  at  regular  intervals  carries  a  wooden  cross-bar  up 
under  the  sheet  as  it  feeds  out.  When  one  of  these  sticks  upon  which  one  of  the  loops  is  suspended 
is  conveyed  to  the  top,  it  enters  upon  a  horizontal  track  and  is  conveyed  along  by  a  slow  intermittent 
motion  so  that  the  first  coat  of  glue  will  have  time  to  partially  dry  before  the  next  coating  operation. 
This  intermittent  motion  is  obtained  from  a  framework  that  extends  above  the  track  and  moves 
back  and  forth.  The  stroke  of  this  frame  is  about  12  in.,  and  with  each  forward  movement  pawls 
on  it  engage  the  cross-bars  upon  which  the  loops  hang  and  push  them  forward  a  distance  equal  to 
the  stroke  of  the  frame.  On  the  return  stroke  the  pawls  simply  lift  and  glide  back  over  the  sticks, 
and  then  engage  another  set  on  the  next  stroke.  As  the  result  of  this  intermittent  movement,  the 
loops  of  cloth  or  paper  swing  to  and  fro  as  they  gradually  move  along,  presenting  a  rather  grotesque 
appearance. 

About  one  hundred  feet  from  the  starting  point,  the  paper  which  has  partly  dried  passes  through 
a  second  glue-coating  process.  This  is  known  as  “sizing.”  The  glue  is  much  thinner  than  is  used 
for  the  first  coat,  and  is  applied  to  fill  up  the  interstices  between  the  abrasive  grains  and  hold  them 
more  firmly  in  place.  When  one  of  the  loops  approaches  this  second  or  sizing  machine,  it  is 
straightened  out  as  the  paper  is  drawn  between  the  tensioning  and  glueing  rolls,  and  this  straighten¬ 
ing  out  draws  the  loop  cross-bar  (which  has  passed  beyond  the  feeding  pawls)  forward,  and  the 
cross-bar  drops  upon  conveyer  chains,  and  is  lowered  to  the  floor. 

The  paper,  after  passing  the  point  where  the  cross-bar  support  is  removed,  is  drawn  over  a 
curved  platform  down  to  the  tensioning  rolls,  and  then  to  the  second  set  of  glueing  rolls.  After  the 
sizing  operation,  the  paper  passes  over  a  drum  or  roll  on  the  periphery  of  which  are  raised  strips 
that  incline  from  each  side  towards  the  centre,  similar  to  the  teeth  01  a  herring-bone  gear.  This  roll 
is  to  centre  the  paper  before  it  again  enters  upon  the  drying  track.  The  paper  is  now  gathered  up 
into  loops  upon  cross-bars  which  are  automatically  elevated  at  proper  intervals,  the  arrangement 
being  the  same  as  that  used  after  the  first  coating  process. 

The  loops  of  coated  paper  now  begin  a  long  journey  which  continues  in  a  straight  line  to  the  end 
of  the  room,  the  motion  being  intermittent  and  effected  by  the  feed -pawl  mechanism  previously 
referred  to.  WTien  the  procession  of  swinging  loops  reaches  the  end  of  the  room  it  makes  a  short 
turn  on  a  curved  track,  and  proceeds  back  in  the  opposite  direction.  The  feed  of  the  cross-bars 
around  this  curved  end  is  obtained  by  a  pawl-feeding  mechanism  similar  to  that  described,  except 
that  it  is  curved  to  conform  to  the  track,  and  this  curved,  fan-shaped  frame  has  an  oscillating 
movement  instead  of  a  straight-line  motion. 

After  passing  the  curve,  the  loops,  which  hang  quite  close  together,  travel  in  an  unbroken  line 
and  on  a  continuous  track  from  one  end  of  the  building  to  the  other  several  times.  At  the  end  of 
the  last  track  the  supporting  cross-bars  fall  on  to  another  chain  conveyer,  and  are  carried  down  to 
the  floor.  The  stock  is  then  drawn  over  another  curved  platform,  just  beyond  which  there  is  a 
series  of  rolls  which  iron  out  the  wrinkles  and  also  provide  tension  preparatory  to  winding  the  coated 
stock  on  to  aji  arbor.  This  is  the  end  of  the  coating  operation. 

The  complete  passage  from  the  first  coating  rolls  to  the  end  where  the  coated  and  dried  stock  is 
wound  on  to  rolls  requires  several  hours.  Wnen  the  tracks  are  completely  filled  with  paper  they 
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hold  a  continuous  sheet  (joined  by  glue  where  breaks  have  occurred,  or  where  a  new  roll  of  paper 
has  been  'started)  which,  if  straightened  out,  would  extend  about  eleven  miles. 

The  coating  process  is  practically  the  same  for  cloth  as  for  paper,  except  that  the  cloth  stock 
requires  two  passages  through  the  coating  machine,  one  for  coating  with  glue  and  another  for 
coating  with  both  glue  and  abrasive.  A  preliminary  coat  of  glue  is  necessary,  because  the  cloth 
absorbs  more  glue  than  the  paper.  Stock  varying  from  18-48  in.  wide  can  be  run  through  this 
coating  machine.  When  a  lot  of  paper  or  cloth  is  to  be  coated,  the  wide  stock  is  put  through 
first,  the  order  being  from  wide  to  narrow.  This  is  done  so  that  any  wear  which  might  occur  on 
the  rubber  glue-coating  rolls  will  not  affect  the  narrower  widths.  Similarly,  stock  requiring  the 
coarse  abrasives  is  coated  last,  the  order  being  from  fine  to  coarse  to  avoid  any  possibility  of  coarse 
grains  which  might  have  remained  in  the  machine  being  deposited  upon  a  paper  of  finer  grain. 

The  large  rolls  of  coated  stock  are  cut  into  various  shapes  in  another  department. 


HARD  ABRASIVE  POWDERS 

The  hard  mineral  abrasives,  either  in  the  form  of  wheels,  as  just  described,  or 
in  powdered  form,  are  extensively  used  for  grinding  and  polishing.  They  are 
sometimes  used  for  cutting,  as  in  the  cutting  of  stone  blocks  by  a  band  of  steel 
with  wet  sand  as  the  real  cutting  agent,  but  their  chief  use  is  for  grinding  and 
polishing.  The  most  important  of  the  harder  abrasive  powders  are  the  following : — 

Diamonds  in  the  form  of  either  fragments  or  coarse  powder  form  the  hardest 
abrasive  material  known.  It  is  used  by  lapidaries  in  the  cutting  of  gems  and 
precious  stones,  and  for  other  work  in  which  no  softer  abrasive  can  be  used 
economically.  The  larger  fragments  of  diamond  are  held  in  a  special  clamp 
and  are  employed  as  cutting  tools,  but  the  smaller  fragments  are  used  as  powder, 
applied  to  the  surface  to  be  ground  under  pressure,  water  being  also  used  to 
prevent  loss  by  the  flying  dust. 

Carborundum,  SiC,  is  prepared  by  fusing  a  mixture  of  petroleum  residue, 
coal,  or  pitch,  with  fine  quartz  sand  and  a  little  salt  in  an  electric  furnace.  It  has 
a  hardness  closely  approaching  that  of  diamonds,  and  is  extensively  used  in  the 
manufacture  of  grinding  wheels  and  artificial  grinding  stones. 

On  account  of  its  hardness  it  is  rapidly  replacing  corundum  in  some  industries,  though  it  is  more 
brittle  and  less  economical  in  use  on  account  of  the  tendency  it  has  to  wear  away  rapidly. 

The  crystals  of  carborundum  are  small  with  sharp  edges  which  are  just  brittle 
enough  to  break  slightly  in  use  and  thus  produce  a  material  which  cuts  cleanly  and 
rapidly  and  prevents  glazing,  so  that  carborundum  forms  one  of  the  best  of  the 
hard  abrasives. 

Crystolon  is  a  registered  trade  name  for  the  carborundum  manufactured  by 
one  firm. 

Corundum,  AI2O3,  occurs  naturally  and,  in  an  impure  form,  as  emery  ]  it  is 
prepared  artificially  on  a  large  scale  in  the  neighbourhood  of  the  Niagara  Falls, 
U.S.A.,  by  fusing  bauxite  or  other  forms  of  alumina  in  an  electric  furnace,  and  it  is 
then  known  as  alundum.  Another  variety — a  by-product  of  the  thermite  welding 
process — is  known  as  corubin. 

Emery  is  found  chiefly  in  the  Greek  island  of  Naxos,  and  consists  of  an  aggregate  of  crystalline 
alumina  (corundum)  and  magnetite  (iron  oxide),  with  about  12  per  cent,  of  other  minerals,  of  which 
the  chief  is  tourmaline.  The  best  qualities  contain  about  50  per  cent,  of  corundum.  Deposits  of 
lesser  importance  also  occur  in  the  states  of  New  York  and  of  Massachusetts,  whilst  a  deposit  of 
very  pure  corundum  occurs  at  Hastings  County  in  Canada.  ^  The  grinding  power  of  emery  depends 
almost  entirely  on  the  proportion  of  corundum  it  contains,  and  on  the  effect  of  the  other  ingredients 
in  detracting  from  the  hardness  of  this  material ;  it  is  therefore  probable  that  with  increased  facilities 
in  the  manufacture  of  artificial  corundum  of  a  purity  far  greater  than  that  of  emery,  the  artificial 
jhaterial  will  effect  a  severe  competition  with  the  naturally  occurring  emery,  especially  where 


^  The  Canadian  deposit  supplies  the  best  natural  corundum  on  the  market. 
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precision  grinding  is  concerned.  At  the  present  time,  however,  the  cost  of  the  artificial  corundum  is 
so  high  that  there  is  ample  scope  for  the  continued  use  of  emery  for  some  time  to  come,  particularly 
as  the  natural  material  has  been  found  to  be  more  reliable  than  some  of  the  artificial  product. 

Electrite  is  a  composition— the  nature  of  which  is  kept  secret — intermediate 
between  artificial  corundum  and  emery  in  hardness.  Carbo-corundum  is  a 
similar  material. 

Corundum,  emery,  and  similar  materials  must  be  ground  before  tht7  can  be  used ;  the  grountl 
product  is  sifted  into  thirty-three  sizes  of  grains. 

The  coarser  grains  are  known  by  the  number  of  holes  per  linear  inch  in  the  sieves  througli 
which  they  have  last  passed,  but  grains  finer  than  those  wliich  are  reUdned  cm  a  250  sieve  arc 
separated  by  levigation,  and  are  marked  according  to  the  number  of  minutes  they  remain  suspended 
in  water.  No  numliers  are  used  for  this  purpose,  but  the  fineness  is  indicated  by  the  numtrer  of 
cyphers,  thus  0  is  the  coarsest  and  00000  the  finest  levigated  emery. 

Emery,  corundum,  and  several  other  abrasives  are  mounted  on  cloth  or  ^mper  and  sold  under  the 
names  or  emery  cloth,  emery  paper,  SMd  paper,  etc.  Glass  paper  m  seldom  made  whh  gksi, 
quartz  grains  lieing  harder  and  more  satisfactory.  The  adhesive  used  is  strong  glue,  witli  which 
the  material  (cloth  or  paper)  is  covered,  and  the  abrasive  is  then  .sprinkled  on  by  meani  of  a  sieve 
and  adheres  when  tlie  adhesive  hardens.  An  extensive  arrangcmc-nt  is  ref|uired  to  hc»ld  the  long 
strips  of  cloth  or  paper  during  the  coating  processes,  and  to  enable  the  glue  to  harden  before  the 
strips  are  wound  on  to  a  roller.  The  plant  is  largely  automatic:  in  ehanuier,  the  cloth  tjr  ptj^r 
being  fed  in  at  one  end,  coated  and  dried,  and  the  firushed  product  being  suppHecl  in  the  form  of 
a  roll  (see  p.  417). 

It  is  customary  to  employ  garnets  on  pa|)€r  used  for  wood -working,  ctrlmrundum  or  emery 
cloth  for  leather  goods,  and  corundum,  carborundum  or  emery  cloth  for  general  machine  work. 

Sand  (impure  silica)  is  largely  used  for  abrasive  purposes,  both  in  its 
natural  form  and  as  sandstone.  The  grinding  stones  used  for  flour  mills,  cutlery, 
and  other  purposes  are  usually  of  selected  sandstone. 

For  |Kjlishing,  Mand  and  water  make  an  excellent  abranivc  for  metak,  glans,  am!  other  retmively 
hard  surfaces.  In  the  form  of  a  miniature  nantl  storm,  hand  Um  been  used  with  great  Micceii  for 
grinding  and  nmoothing  complex  surfaces,  ami  the  sand-hkit  is  now  couHitlrred  esMmtiiil  in  hevera! 
industries.  In  glass  manufactories,  Hand  is  used  in  the  production  of  ground  glass  and  for  |»iilishing 
lenses,  and  in  the  metal  induitries  it  is  employed  for  cleaning  ami  finishing  wtmgi,  the»antl  grinding 
off  the  tlirt  and  aggregationh  due  to  casting  in  a  iiniple  and  rapid  manner.  Sand  ii  not  nearly 
hard  as  corundum,  but  itn  low  ctrst  is  greatly  in  its  favour,  and  it  k  sufficiently  hard  for  many 
purposes,  so  uhiit  there  is  little  or  no^  aavanlage  to  lie  gained,  in  iuch  cisei,  by  utltig  the  more 
costly  material  unleis  very  rapid  work  ii  to  be  tltme,  or  the  artlclei  to  Ire  ground  muit  Im  **cul^* 
with  great  accuracy,  m  in  precision  grinding. 

Crushed  steel,  made  by  heating  steel  to  bright  redness  md  ciuenching  it 
suddenly  in  water,  is  a  popular  abrasive  in  the  United  States,  especially  for  stone 
and  marble  dressing,  about  600  tons  per  annum  being  used  for  this  purpose. 


MILD  MINERAL  ABRASIVES 

The  mild  mineral  abrasives  are  almost  invariably  used  in  the  form  of  powders, 
and  are  employed  more  for  polishing  than  for  actual  grinding,  though,  as  already 
explained,  the  two  processes  are  almost  identical 

Chalk,  preferably  in  the  form  of  precipitated  calcium  carbonatib 

which  is  more  free  from  grit  than  ground  natural  chalk— is  an  extremely  mild 
abmsive,  much  used  in  the  manufacture  of  dentifricei,  and  of  polishing  powders  for 
silver  and  plated  goods. 

Lime,  Ca(OH)3,  is  largely  used  by  silversmiths  in  preference  to  chalk. 

Rouge  is  usually  composed  of  extremely  fine  iron  oxide,  prepared  by  precipita- 
tion,  gentle  ignition,  and  then  separation  of  the  finest  particles  by  levigation. 
There  are  several  reactions  in  which  finely  divided  iron  oxide  is  a  by-product, 
and  these  serve  as  further  sources  of  supply.  The  finest  rouge  of  all— that  employed 
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for  the  complexion— is  prepared  from  safflowers  (CartAamus  tmeiims)  by  pul 
verising  them  with  a  solution  of  carbonate  of  sod.%  atid  subsef|iiently  neutralising 
this  with  dilute  acetic  acid.  The  precipitated  rouge  is  allowed  to  fall  on  absorbent 
cotton.  The  rouge  is  removed,  subjected  to  a  fresh  treatment  with  soda  and  placed 
in  a  vessel  containing  very  fine  talc.  On  the  addition  of  dilute  citric  or  acetic  acid, 
the  colouring  matter  is  again  precipitated  and  collects  on  the  talc.  Tim  product  is 
ground  by  hand  with  olive  oil  so  as  to  ensure  the  desired  mellowness. 

Rouge  is  chiefly  employed  in  giving  the  fmal  pidish  to  mclah,  its  ioftiiesi  and  freedom  from 
grit  making  it  specially  suitable  for  this  purmwe.  The  red  coUmr  of  the  nuatrial  iklm»  imparts 
a  pleasing  tinge  to  metals  ixdished  by  its  aitl ;  for  this  reiison  il  often  with  chalk  in  the 

preparation  of  plate  powders.^  The  cost  of  rouge  is  such  that  ii  k  only  employed  where  a  cheaper 

abrasive  will  not  give  the  desired  result. 

Tripoli  powder  or  rottenstone  is  an  alumino-silicate  of  variable  com» 
position  or  even  a  number  of  alumino-silicates  which  happen  to  be  suitable  as 

abrasives  and  polishes. 

The  best  quality  comes  from  Corfu  and  h  Infuprl&l  like  kieirl|tthr,  liul  little  notice  i«i  now 
taken  of  the  source  so  long  as  the  material  is  stnifaclory.  A  variety  t^f  irljMili  powder  termed 
rottenstone  is  found  at  Bakewell  in  Derbyshire ;  it  i'l  ii  highly  aliimliiou’i  anti  very  wft  r«>ck»  and 

owes  its  brown  colour  to  the  iron  it  contains. 

Kieselgfuhr  is  a  fine  siliceous  powder  comiptied  of  the  shcalhH  of  minute 
diatoms  and  is  one  of  the  best  known  forms  of  diaiomactH'Mis  earth.  Like  other 
forms  of  exceedingly  finely  powdered  or  levigated  silica,  it  is  liirgtdy  used  as  the 
abrasive  in  pastes  and  liquids  for  {wlishing  metals  anti  wood.  For  this  piirpote  it 
must  be  free  from  all  gritty  particles. 

Pumice  stone  is  a  product  of  volcanic  action,  mud  is  therefore  found  in  the 
neighbourhood  of  volcanoes.  I^rge  quantities  of  it  are  obtiiiiied  from  Rhenish 

Prussia. 

It  is  a  more  powerful  abrasive  than  the  other  mild  ones  jiwl  meiiliiiricil,  ami  ii  largely  uied  at 
a  preliminary  polisher  in  cases  where  a  quick -iicting  tbri«ive  k  r«|iilrttl,  but  where  mnil  or  the 
harder  abrasives  would  be  unsuitable.  It  Is  also  mixed  with  ioap  to  llie  detergent  propertle* 

of  the  latter. 


POLISHES 

Polishes  are  of  two  kinds :  those  which  rub  awity  the  iiirface  of  the  material 
until  a  smooth  and  polished  surface  is  obtained  and  thoic  which  cover  the  materia! 
with  a  coating  which  is,  in  itself,  smooth  and  reiective.  The  former  kinds  of 
polish  are  abrasives  and  have  been  described  tn  the  {mgvs  immediately  preceding ; 
the  latter  are  more  in  the  nature  of  varniihes  and  kcqticrs,  but  differ  from  these 
in  several  marked  respects  (see  MafUli's  Industrial  Chemistry:  Organic *')  and 
ps^ake  rath«  of  the  nature  of  oils  and  waxes 

Polish^  may  be  required %hlefty  to  restore  a  brlglil  surface  which  hm  dull  os  eipiwiire, 

and,  the  <»se  oi  metols,  ha*  bwome  covers!  with  a  ilm  of  oxide  wliicit  makt»  ft  tarnbhwL 
The  object  of  the  polish  is  to  remove  this  taml»h,  whilit  at  tht  mine  iliiir  rtitioviiig  at  little  of  the 
metal  m  Thl«  may  lie  effected  by  the  proct«  known  m  b«fiaf ,  which  ron^lii*  in  holding 

the  article  against  a  mpidlj  rotating  disc  of  cloth  eharpil  with  »  wiild  abrasivt,  such  ai  lime  or 

chalk  f  but  useful  as  if  tha  method  for  the  manu&elurer,  li  wiiild  be  loo  flrong  fiir  the  ommt% 

of  the  inched  goods  and  would  wear  away  the  writ^  loo  mpidly  if  ftfiiiieiitly  The 

abrasive  Is  therefore  applied  with  a  plec9  of  flannel  and  !•  mbfel  tiy  hand  fin  m  the  to  la 
polished,  the  surfoce  being  afterwadi  ffnished  with  a  washdiallttr  (ditmol^  Imtht? |  or  (In  the 
by  rubbing  with  the  fle*y  jmrt  of  the  |»l«i,  thi*  latter  Imlng  Mipertiir  to  any  other 
polishing  medium  for  giving  the  ffuat  pflih  to  metali. 

j  It  is  not  always  necessary  to  use  an  abr»lvc  of  a  solid  nalurt ;  thus  ammonia 
solution  applied  with  a  piece  of  flannel  wlll^t^uenlly  renew  the  polish  on  tarnished 
metals,  and  paraffin  is  a  well-known  remover  of  rust.  Most  mrtal  polishes 
contain  both  sold  and  liquid  abn»iv»  and  a  detergent,  the  b«t  known  ones 
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consisting  of  soaj),  oil,  whiting,  chalk,  or  finely  levigated  silica,  and  a  colouring 
agent.  Some  of  the  much  advertised  brass  polishes  contain  finely-ground  sand 
or  tnpoh  powder  as  the  chief  solid  abrasive,  and  oxalic  acid  and  paraflfin  as  the 

chief  liquids  for  removing  tarnish. 

There  are  two  kinds  of  polish  on  nietaks ;  one  is  known  as  “colour”  and  is  almost  a  mirror-like 
|whsh,  m  which  all  the  grain  of  the  metal  has  disappeared.  It  is  seen  on  high-class  steam  fittings, 
etc.,  and  is  produced  by  holding  the  work  against  bobs  or  mops  of  felt  or  calico  charged  with  a  mild 
abrasive  such  m  whiting  or  lime,  though  it  may  be  produced  on  w’ork  running  in  the  lathe,  if  the 
fmcit  abrasive  cloth  or  |mpcr  is  usca  anti  follow^ed  with  a  piece  of  wash-leather  charged  with 
metal  polish.  ^ 

I  he  other  klntl  of  polislietl  surface  is  seen  on  scientific  instruments  and  is  known  as  mathematical 
graiii.  It  w  »mewhtt  difneult  to  desscribe  its  exact  appearance,  but  if  an  astronomical  telescope, 
photographic  lens,  or  microMiope^is  carefully  examined,  it  will  be  seen  that  there  is  a  certain  amount 
of  gram  under  the  pol»h.  T  his  w  obtained  by  the  use  of  planishing  and  burnishing  tools,  the  metal 
being  subsequeritly  covered  with  lacquer  such  as  those  described  in  Martin’s  “  Industrial  Chemistry : 
Organic,’  pp.  4S,  an,  348. 

Stoye  polishes  arc  of  .ncveral  kinds.  The  one  chiefly  used  some  years  ago,  under  the  name 
of  blacklead,  c<m»iitcd  tif  fincly*ground  graphite—a  form  of  the  element  carbon  which  occurs  as 
a  mineriil  in  (  umljcrland,  Ceylon,  and  elsewhere.  Brunswick  black  consists  of  asphaltum  or 
pitch  mixed  with  turpentine  ami  Vmmml  oil  and  heated  until  the  mixture  becomes  uniform  throughout, 
but  Home  of  the  pre|mmtions  sold  as  Brunswick  black  contain  benzoline  and  other  vehicles,  and  the 
pigment  w  bone  pitch  m  mtm  other  convenient  form  of  carbon  instead  of  asphaltum  or  bitumen. 
A  weibknowri  “brilhani  stovr  fKdish  consists  of  an  ink  made  by  precipitating  sulphate  of  iron 
wiih^ tannic  acid,  the  llf|uld  Mng  mixed  with  boot  blacking;  another-almost  equally  well  known— 
coridHti  of  plumI»go  or  gritphitc  mixed  with  water-glass  and  glycerine,  sufneient  aniline  black 
being  added  to  give  the  desired  tint. 

Fuiniturc  polishes  consist  chiefly  of  beeswax  or  paraffin  wax,  soap, 
turpentine,  alcoholi  and  water,  made  into  an  emulsion,  but  some  consist  of  a 
solution  of  sandartic  and  shellac  (with  or  without  gums)  in  alcohol 

French  polish  for  woodwork  consists  of  shellac  dissolved  in  alcohol  ^and 
coloured  with  **  dragon*!  blood.**  Various  other  gums,  such  as  benzoin  and  jumper, 

are  also  added  by  some  polishers. 

The  pro|M.ir|iuiii  viry  very  greatly,  and  are  apparently  adapted  to  suit  the  skill  of  the  workman 
rather  ihan  to  tistire  ilit  ti€*t  result  apart  from  any  question  of  skill  in  application. 

Boc^  and  shoe  polishes  vary  greatly  in  composition,  but  their  essential 
constituents  art  sbelkCi  w«,  lampblack  or  an  aniline  black  or  light  brown  dye, 
with  tuipentinei  praffin,  or  alcohol  as  a  vehicle.  Too  much  shellac  must  not  be 
used  or  the  polish  will  crack.  Spermaceti  is  used  to  prevent  this  in  some  polishes. 
To  prevent  the  paste  from  diying  to  an  inconvenient  powder,  a  little  glycerine  may 
be  added  with  Mvtntaga* 

BiXit  tnd  ihoe  are  more  conveniently  considered  under  Waxes  (Martin’s  “  Industrial 

Cliciiiitiry  i  Ofgmlc 

Wfiilil  of  kinedilftck,  sugar  syrup,  sulphuric  acid,  and  olive  oil,  or  their 

eepivatenti. 

li«:Il«nlcid  nwthcMjf  of  fwlishing'  are  very  various,  each  industry  employing  its  own  adaptations 
of  the  generil  meltiwli.  In  ihchi  they  consist  in  applying  the  abrasive  or  waxy  polish  to  the 
irtit,di*  under  t  cofiiittefablr  prrs^tirei  this  lieing  applied  by  hand  or  mechanically,  according  to  the 
fiftliire  thf  ttialerlil  to  l#t*  |*o!blicd.  Thui,  wood  polishers  work  entirely  by  hand,  but  in  the  polishing 
of  sloiici,  and  nielalM  flu*  earlier  stages  are  all  carried  out  mechanically*— usually  by  rotating 

a  ill%c  cirrying  Ine  abmilv#  ind  applying  the  object  to  be  polished  to  this,  or  by  making  the  olwct 
rriffttc  and  ippyiflg  tkt  iibr»Itr  to  It  under  the  pressure  of  a  metal  or  wooden  ^lishing  tool.  The 
ifial  itigei  fttty  by  the  of  mechanism,  but  the  pressure  to  be  applied  m  usually  so 

Ibit  it  «tifl  lie  i|i|#ilrtl  uy  the  hand  of  a  skilled  operative. 
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PHOSPHORUS 


By  C.  Ainsworth  Mitchell,  B.A.  (Oxon.),  F.LC. 

Phosphorus,  in  combination  with  other  elements,  is  one  of  the  most  abundant 
substances  in  nature.  In  the  form  of  calcium  phosphate  it  is  the  principal  con¬ 
stituent  of  various  minerals  such  as  phosphorite  and  apatite ;  in  others  it  is  present 
as  iron  phosphate,  aluminium  phosphate,  etc.  It  is  also  a  chief  constituent  of  the 
bones  of  vertebrate  animals,  and  is  found  in  the  brain  substance,  muscles,  etc. 

It  was  discovered  towards  the  close  of  the  seventeenth  century  by  Brand,  who 
had  ignited  the  residue  left  on  the  evaporation  of  urine  in  a  search  for  the 
philosophePs  stone;  and  in  1755  it  was  prepared  by  Scheele  by  the  distillation 
of  bones. 

Until  comparatively  recently  modifications  of  this  method  were  still  the  only 
manufacturing  processes. 

By  dry  distillation  of  bones  in  iron  retorts,  a  dintilUite^  knewn  as  DippeFs  animal  oil  k 
obtained,  while  a  residue  of  bone  charcoal  or  bone  earth  is  left  behind.  This  bc»ne  eharcoal, 
after  being  used  as  a  dccolorining  agent  in  sugar  refmcjries,  is  calcined  ttJ  obtain  bone  ash,  which 
was  formerly  obtained  by  directly  calcining  the  bones  in  kilnn. 

This  bone  ash  is  washed  in  leaden  tanks,  first  with  hcR  water,  and  then  with  the  calculated 
amount  of  sulphuric  acid  to  convert  the  triealcium  phosphate  in  the  ash  into  the  soluble  mono- 
calcium  salts— 

CaiPO^)^  +  2HgS(\  a  2CaS04  +  CaH4(I»04)a. 

After  dilution  and  sedimentation  of  the  calcium  sulphate  the  clear  phosphate  solution  is  decantetl, 
and  concentrated  in  leaden  pans  to  a  specific  gravity  of  1.45,  after  which  it  is  mixed  with  a  little 
wood  charcoal,  and  evaporated  to  a  nmrty  dty  solid  mass  in  Iron  pans. 

This  r^idue  li  next  neated  in  horizontal  terra»ctata  retorts,  arranged  Imck  to  back  in  rowi  in  a 
furnace,  and  after  being  exposed  to  red  hmt  for  twenty»four  hours  tne  monocalcium  phosphate  ii 
converted  Into  calcium  metophosphate— » 

CaH4(P04)i  »  2llp  -l  (.:a(FC\)r 

The  temperature  is  then  raised  to  white  heat  for  about  forty-six  hours,  with  the  result  that  tri* 
calcium  phosphate  is  produced,  while  carkm  monoxide  i»  evolved,  and  free  phosphorus  distili— 

3Ca(POg)a  +  loC  loCO  +  +  IV 

The  phosphorus  it  condensed  under  water,  and  is  purified  by  redistillalion  with  a  imall  propor¬ 
tion  of  moist  »nd,  and  is  finally  moulded  into  cylinders  under  water. 

Another  meth^  of  purification  used  in  France  is  to  treat  the  phosphorus  under  warm  water  with 
sulphuric  acid  and  potassium  bichromate. 

The  drawbacks  to  this  process,  a|mrt  from  the  coit  of  the  raw  material,  are  that  It  only  yields  a 
portion  of  the  phosphorus  present,  and  that  compounds  of  phosphorus  and  sulphur  are  simultaneously 
produced,  and  have  subsec|uently  to  Ijc  eliminated.  Hence  the  final  yield  of  the  pure  product  fi  lest 
than  10  per  cent,  of  the  original  material. 

In  Fleck’s  process,  now  abandoned,  hydrochloric  acid  was  used  instead  of  lulphuric  acid  for 
the  decomposition  of  the  bone  ash. 

Wdhler  (-0%*.  Afn-A.,  XVIL,  179)  devised  a  process  of  obtaining  a  better  yield 
of  phosphorus  by  heating  the  slightly  charred  bones  with  sand— - 

aC%(PO|)t  -f  fiSiOt  +  loC  s^aSiOg  +  loCO  + 
but  it  was  found  that  high  temperatures  were  required,  and  that  the  calcium  silicate 
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attacked  the  retorts  to  such  an  extent  as  to  render  the  process  unpracticable  on  a 
manufacturing  scale.  For  the  same  reason  the  process  could  not  be  used  for  the 
treatment  of  mineral  phosphates. 

Readman  and  Parker’s  Process. — It  was  not  until  an  electric  furnace  was 


Fig.  I.  Vertical  Section.  Fig.  2. — ^Arrangement  of  Electrodes. 

Readman  and  Parker’s  Phosphorus  Furnace. 


mixture  (1898)  that  it  was  found  possible  to  prepare  phosphorus 
by  Wohler  s  process,  Readman  and-  Parker’s  furnace  is  shown  in  Figs,  i  and  2. 


Fig.  3. — Phosplionis  Furnace  of  the  Electric  Reduction  Co. 

A  finely-ground  mixture  of  lOO  parts  of  phosphorite  with  50  parts  of  sand  and  to  parts  of 
charcoal  is  introduced  into  the  hopper  a. 

After  the  initial  hating  has  been  effected  by  a  current  passing  through  the  movable  carbons 
the  latter  are  withdrawn,  and  an  arc-light  made  to  pass  between  the  electrodes  r'  The 
phosphorus  fumes  pass  through  the  tube  g,  and  are  condensed  in  water  contained  in’  conoer 
receivers. 

Any  oxidation  of  the  phosphoras  may  be  prevented  by  passing  a  current  of  coal¬ 
ps  through  the  retort  (German  Patents,  107,736  and  112,832). 
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In  the  furnace  of  the  Electric  Reduction  Co.  (Fig,  3)  the  mixture  of  phosphate,  carbon,  and  silica 
is  placed  on  a  bed  E,  beneath  a  rod  of  graphite  i>  of  high  resistance  connecting  the  two  blocks  of 
carbon  B.  On  transmitting  a  current  the  rod  D  tecomes  white  hot,  and  the  deflected  heat 
decomposes  the  phosphate  mixture.  The  phosphorus  fumes  escape  through  the  tube  F  to  the 
condensers,  while  the  slag  is  afterwards  removed  through  the  outlet  (5. 

To  prevent  decomposition  of  the  water  in  the  condensers  by  the  phosphorus 
vapours  the  Compagnie  ^lectrique  du  Phosphore,  Billaiidot  et  Cie,  have  patented 
(German  Patent,  106,498)  a  process  whereby  the  condensation  is  effected  in  an 
atmosphere  of  carbon  monoxide  which  is  formed  in  the  reaction. 

A  diagram  of  their  furnace  is  shown  in  Fig.  4.  The  vapours  (namely,  phosphorus  and  carlion 


Fio,  4.— Phosphorus  Condensation  Plant  of  the  Compguie  ^declrkiue  du  Phosphore, 

Bilkttclot  et  C.1c, 


monoxide)  formed  in  the  furnace  F  are  freed  from  »olId  mrticlct  by  ps«ln|  through  the  tttl>e 
Thence  th^pass  through  D  and  the  upright  tul^  T,  which  arc  at  50^  C.,  into  the  tulie  «, 
where  the  buftc  of  the  j^^phoms  condeniet  and  Mli  Into  The  rtguktion  of  the  ttmperatur© 
and  the  speed  of  the  ^ssage  of  the  vapours  ii  controlled  by  a  current  of  carton  monoxide,  which 
is  stored  m  E  and  can  he  forced  through  the  oj^ninp  /  In  the  tubes  T.  Any  pho«phortti  eicaping 
uncondensed  from  E  passes  onwards  into  the  tower  o,  where  it  is  brought  into  intimtlc  contact 
with  a  solution  of  copper  sulphate.  The  resulting  copper  phosphide  Is  used  In  the  manufactufe 
of  phosphor  bronxe* 

The  electrical  methods  of  producing  phosphorus  are  everywhere  taking  the 
place  of  the  old  method  of  distilling  bones,  for  the  high  temperatures  required  for 
the  reaction  (1,300®-!, 450®  C)  are  in  this  way  most  economically  obtained.  The 
residual  slags  still  contain  about  ao  per  cent,  of  the  phosphorus  originally  present. 
This  is  left  in  the  form  of  irreducible  iron  phosphide  or  silico-phosphoric  acid. 

In  Neumann's  procMS  Cl###.,  XCV.,  291)  a  totter  yield  cif  phMphnrwi  is 

obtained  by  reducing  phosphoric  add  mth  carton  at  a  tem^mture  of  6so®-oSO*  C.*— 

aHPOg  4  5C  »  aP  +  SCO  4  11^0, 

Earthenware  retorts  are  used  for  this  purport,  and  lower  grades  of  phosphorite  may  be  uiecl  as 

the  raw  material. 

Harding’s  proceiw  is  tosed  upon  a  similar  reaction.  Phoiphorite  Ii  hrit  decompoietl  with  an 
imetm  of  sulphuric  acid,  and  the  phmphoric  add  iolution  flltertd  from  cmldum  lulphate  mixed  with 
carton  and  evaporated  to  d^nett.  It  !•  next  heated  to  exfiel  sulpliatei,  and  the  residue  of 
phosphoric  and  phosphorus  oxides  is  reduced  In  an  electric  furnace. 
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The  simultaneous  production  of  calcium  carbide  and  phosphorus  forms  the  basis  of  Hilbert 
and  Frank’s  German  Patent,  92,838,  and  Bradley  and  Jacobs’  English  Patent,  10,290,  of  1898. 

In  Joudrain’s  process  on  these  lines  the  raw  material,  phosphorite,  is  heated  with  an  excess  of 
charcoal  in  carbide  furnaces,  and  the  phosphorus  fumes  condensed  in  water  towers — 

Ca3(P04)2  +  14C  =  “h  ^2  SCO. 

It  is  doubtful  whether  the  carbide  thus  produced  would  be  sufficiently  pure  for  ordinary  purposes. 

Reduction  of  phosphoric  acid  or  phosphates  with  metallic  zinc  or  aluminium  (Rossel,  German 
Patent,  71,259)  in  the  presence  of  sand  has  also  been  proposed  as  an  industrial  method  of  preparing 
phosphorus. 

Properties. — The  so-called  yellow  or  white  phosphorus  is  a  wax-like  solid 
which  melts  at  44.4''  C.,  boils  at  C.,  and  has  a  specific  gravity  of  1.83.  It 
is  insoluble  in  water,  but  dissolves  readily  in  carbon  bisulphide,  and  is  slightly 
soluble  in  alcohol  and  ether.  It  phosphoresces  ”  in  the  dark,  and  when  exposed 
to  the  air  in  a  finely  divided  state  ignites  spontaneously. 

In  Mitscherlich’s  test  for  the  detection  of  traces  of  white  phosphorus  the 
substance  is  boiled  with  water  in  the  dark,  the  steam  becoming  luminous  when 
phosphorus  vapours  are  present. 

Phosphorus  dissolved  in  carbon  bisulphide  will  precipitate  metallic  phosphides 
from  solutions  of  salts  of  the  metals,  as,  for  example,  silver  phosphide,  PAgg,  and 
copper  phosphide,  CugPg. 

White  phosphorus  is  extremely  poisonous,  and  absorption  of  the  vapours  causes 
chronic  necrosis  of  the  jaws  and  teeth. 

Allotropic  Modifications  of  Phosphorus. — Several  allotropic  forms  of 
phosphorus  are  known,  including  SchrollePs  “  amorphous  red  phosphorus  dis¬ 
covered  in  1845,  Hittorfs  black  phosphorus,  and  Schenk’s  scarlet  phosphorus. 

Red  Phosphorus,  which  is  sometimes  also  termed  amorphous  phosphorus, 
though  it  forms  hexagonal  crystals,  is  slowly  produced  when  white  phosphorus  is 
exposed  to  light.  It  is  more  rapidly  produced  by  heating  ordinary  phosphorus 
in  a  vacuum  at  300'’  C.,  or  with  a  trace  of  iodine  at  a  lower  temperature. 

On  a  manufacturing  scale  it  is  prepared  in  Albright’s  apparatus,  which  consists 
of  a  cast-iron  vessel  containing  an  inner  porcelain  chamber,  the  top  of  which  can 
be  screwed  down.  The  space  between  the  inner  and  outer  chamber  is  filled  with 
sand,  and  the  iron  vessel  also  rests  upon  a  sand  bath,  which  is  heated  for  eight  days 
at  a  temperature  of  23o°-25o°  C.  From  the  top  of  the  porcelain  chamber  containing 
the  soluble  phosphorus  there  passes  a  bent  tube,  the  end  of  which  dips  into  a 
trough  of  mercury  to  form  a  seal. 

At  the  end  of  the  operation  a  mass  of  red  phosphorus,  mixed  with  unaltered 
white  phosphorus,  is  left  in  the  chaniber.  By  boiling  the  mixture  with  sodium 
hydroxide  solution  the  white  phosphorus  is  converted  into  phosphine,  PH3,  which 
escapes,  leaving  the  red  phosphorus  unaltered: 

A  more  recent  method  of  separating  the  two  varieties  is  based  upon  the  difference  in  their  specific 
gravity.  The  mixture  is  first  finely  ground  under  water,  and  then  incorporated  with  a  solution 
of  calcium  diloride  of  sp.  gr.  1.9  at  50^  C.  The  white  phosphorus  (sp.  gr.  1.83-1.84)  melts  and 
OSes  to  the  surface,  while  the  red  phosphorus  (sp.  gr.  2,1)  remains  at  the  bottom.  A  separation 
of  the  two  kinds  of  phosphorus  may  also  be  effected  by  extracting  the  mixture  with  carbon  bisulphide. 

s  Black  Phosphorus. — This  is  prepared  by  heating  white  phosphorus 
wift  l^d  in  a  sealed  tube  to  a  temperature  of  about  800°  C,  and  subsequently 
dissolving  the  lead  by  means  of  an  electrolytic  bath  of  lead  acetate  and  acetic  acid. 
Metallic  bismuth  may  be  used  instead  of  lead  in  this  process,  but  a  lower  yield, 
of  the  black  phosphorus  is  obtained. 

The  specific  gravity  of  Hittorfs  modification  is  2.31-2.33.  It  is  more  inert  than  red  phosphorus,, 
but  oxidises  very  slowly  in  the  air. 

A  so-called  p3rromorphic  phosphorus  is  described  by  Jolibois  (CompUs  Rend.^ 
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1910,  CLL,  382).  It  is  prepared  by  treating  red  phosphorus  with  a  trace  of  iodine 
at  280“  C.,  or  in  vacuo.  It  is  more  stable  than  red  phosphorus  at  temperatures 
below  450®  C. 

Incomplete  conversion  of  red  phosphorus  into  this  modification  yields  a  puce-cah^ured  product 
consisting  of  a  mixture  of  the  two  modifications. 

When  red  phosphorus  is  heated  at  725®  C.  it  is  converted  into  a  violet  mtKlification  with  a 
specific  gravity  of  2.27. 

Schenk’s  Scarlet  Phosphorus  is  obtained  by  heating  a  solution  of  phos 
phorus  in  a  solvent  that  acts  at  the  same  time  as  a  catalytic  agent,  phosphorus 
tribromide.  After  several  hours  at  a  relatively  low  temperature  ( 1 75**  C.),  the  scarlet 
phosphorus  is  deposited  as  an  amorphous  powder,  which  is  separated  from  the 
phosphorus  tribromide  by  boiling  it  with  water.  It  has  the  stability  of  ordinary 
red  phosphorus,  but  reacts  more  readily  with  reagents,  and  is  therefore  used  in  the 
manufacture  of  safety  matches. 

In  a  process  patented  by  Totenhaupt  (German  I’atent,  171,364)  this  modificatinn  olitained  by 
heating  a  .solution  of  white  phosphorus  in  a  hydrocmrlKin  such  as  benzene  or  naphthalene  for  severid 
hours  at  120°  C.  in  the  presence  of  0.25-0.5  per  cent,  of  iodine. 

In  addition  to  its  principal  use  in  the  match  industry,  red  phosphorus  is  used  in 
the  preparation  of  hydriodic  acid,  and  for  producing  a  vacuum  in  electric  lamps. 
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Prior  to  the  invention  of  phosphorus  matches  early  in  the  nineteenth  century, 
“  friction  lights  **  were  manufactured  by  Walker  in  this  country.  These  consisted 
of  antimony  sulphide  and  potassium  chlorate,  and  were  ignited  by  friction  upon 
sandpaper.  “Lucifer”  matches  of  a  similar  character  were  invented  by  Jones. 

The  following  analyses  by  IC  J,  Clayton  ^  gives  the  percentage  cotnposiliem  of  lyptcal  8|)eciniens 
of  these  early  matches 


s. 

KCKV 

Lycopuduifiu 

Ckim, 

Atitk«i*ny 

Hiilptddr'. 

I'crru; 

Oxide. 

“  Promethean  ” 

matches^  (1828)  - 

24.7 

34-9 

s.s 

31,6 

‘‘Lucifer” 

„  r.  (i83a-3) 

27.6 

35-7 

34,6 

5.6 

“Lucifer  ” 

„  11.  (i83a-3) 

ia.5 

41.0 

... 

24.9 

ii.i 

3-3 

The  earliest  phosphorus  matches  made  in  France,  Germany,  and  Austria  con¬ 
tained  potassium  chlorate,  and  owing  to  the  danger  attending  their  use  ware  soon 
prohibited  in  the  latter  countries.  They  were  imported  in  large  quantities  into 
England. 

Typical  examples  of  early  phosphorus  matchei,  examined  by  Clayton,  had  the  following 
percentage  composition  j— 


Ordinary 

Phwphorui. 

S. 

KtdOij. 

(*halk. 

Oexoin. 

Oum, 

Dy§, 

German  (about  1S35) 

20.5 

X4-3 

32.1 

8.0 

25.1 

... 

Trace  of 
blue  dyt. 

Austrian  (1835-50)  - 

17.8 

ii.S 

37*4 

... 

... 

33-3 

In  1837  matches  were  made  in  Germany  in  which  the  potassium  chlorate  was 
replaced  by  the  product  of  the  interaction  of  red  lead  and  nitric  acid.  The  first 


1  Chim,  5^.,  1911,  XXVIL,  229. 

®  Ignited  by  dilute  sulphuric  acid,  coloured  with  indigfi. 
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'' safety matches  were  invented  by  Bottger  in  1843,  the  composition  of  these 
being  ignited  by  friction  upon  a  surface  coated  with  red  phosphorus. 

Matches  of  a  similar  kind  were  soon  afterwards  manufactured  in  Sweden,  but  for  many  years 
could  not  compete  commercially  with  matches  containing  white  phosphorus. 

Composition  of  White  Phosphorus  Matches. — The  heads  on  these 
usually  contain  from  4-7  per  cent,  of  ordinary  white  phosphorus  mixed  with  an 
oxidising  agent  such  as  lead  oxide. 

The  various  ingredients  are  heated  together  in  a  closed  vessel  over  hot  water, 
and  are  meanwhile  continually  stirred  with  an  agitator.  The  wooden  spills  are 
dipped  into  this  paste,  then  dried  in  a  current  of  air,  and  their  heads  finally  coated 
with  a  thin  layer  of  varnish. 

Jettel  gives  the  following  formula  as  typical: — Water,  4.5  litres;  glue,  2  kilos;  glass  powder, 
2  kilos  ;  iron  oxide,  0.5  kilo ;  cinnabar,  o.i  kilo  ;  and  white  phosphorus,  2.5  kilos. 


Safety  Match  Compositions. — These  consist,  in  the  main,  of  potassium 
chlorate  and  sulphur,  or  a  similar  substance,  with  additions  to  reduce  the  violence 
of  the  ignition.  They  are  ignited  upon  a  surface  coated  with  a  mixture  of  red 
phosphorus,  antimony  sulphide,  and  powdered  glass. 

Ichenhaiiser  gives  the  following  representative  formula : — 

Potassium  chlorate,  18;  potassium  bichromate,  1.6;  sulphur,  0.4;  manganese  dioxide,  1.8; 
iron  oxide,  i  ;  umber,  i ;  glass  powder,  2 ;  glue,  i ;  and  gum  arabic,  4  kilos. 

The  accompanying  striking  surface  consists  of  red  phosphorus,  i.o ;  antimony  trisulphide,  0.25  ; 
lampblack,  0.50;  and  dextrin,  0.30  kilos. 

The  splints  for  the  matches  are  prepared  from  non-resinous  woods,  generally 
^pen  wood,  large  quantities  of  which  are  exported  frQm  Russia.  They  are 
impregnated  with  paraffin  wax  before  being  tipped  with  the  composition. 

Resinous  woods  are  also  sometimes  used  after  treatment  with  sodium  carbonate  solution 
(Halwe’s  German  Patent,  130,919),  or  with  phosphoric  acid  solution  (Benedick’s  German  Patent, 
144,229). 

After-glowing  is  prevented  by  impregnating  the  woods  with  a  solution  of  phosphoric  acid  and 
ammonium  phosphate. 


Prohibition  of  White  Phosphorus  Matches.— In  1906  a  Conference  was 
held  at  Berne  at  which  most  of  the  principal  nations  of  Europe  agreed  to  prohibit 
the  sale  and  export  of  matches  containing  white  phosphorus.  Some  countries, 
however,  including  Great  Britan,  Belgium,  Russia,  and  the  United  States,  were 
unable  to  a^ee  to  the  prohibition,  and  relied  upon  measures  to  prevent  the 
occurrence  of  necrosis  in  the  works. 

In  this  county  these  still  proved  ineffectual,  and  in  1908  the  White  Phosphorus 
in  Matches  Prohibition  Act  was  passed,  and  came  into  force  on  ist  January  1910. 

In  the  United  States  the  so-called  “  double-dip  ”  matches,  which  contained 
from^  14-20  per  cent,  of  white  phosphorus,  were  in  great  demand  owing  to  the 
readiness  with  which  they  ignited;  but  in  that  country  too  an  Act  in  1912  was 
passed  prohibiting  their  sale  and  export  after  January  1914,  and  imposing  a  tax 
upon  white  phosphorus  matches  sold  after  July  1913. 


A  method  of  white  phosphorus  m  match  composition  is  described  by  Thorpe  {Chm. 

1909,  XXVL,  73).  The  substance  is  greatly  heated  in  vacuo,  and  the  white  phosphorus, 
wtndi  subhmes  under  these  conditions,  is  then  identified  by  its  physical  properties. 


Substitut^  for  ^A^hite  Phosphorus. — The  substances  used  as  substitutes 
tor  white  phosphorus  in  match  compositions  include  amorphous  red  phosphorus 
and  other  allotropic  modifications,  hydrides,  oxides,  and  sulphides  of  phosphorus 
mixed  with  potassium  chlorate  or  other  oxygenating  substance,  and  with  inert 
substances  to  reduce  the  violence  of  the  ignition. 
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USE  OF  PHOSPHORUS  SULPHIDES 

French  State  Matches.— These  are  made  by  the  process  of  S^vene  and 
Cahen,  with  a  composition  consisting  essentially  of  phosphorus  sesqui-sulphide,  P4S3, 
and  potassium  chlorate,  with  other  ingredients  in  approximately  the  following 
proportions  : — Phosphorus  sesqui-sulphide,  6  ;  potassium  chlorate,  2  4 ;  zinc  white,  6  ] 
red  ochre,  6 ;  powdered  glass,  6 ;  glue,  18 ;  and  water,  34  parts. 

They  are  liable  to  slow  decomposition  in  moist  air,  with  the  liberation  of 
hydrogen  sulphide. 

The  use  of  other  phosphorus  sulphides,  PgSg,  is  claimed  by  the  Griesheim-Elektron  Chemical  Co. 
{German  Patent,  No.  163,078),  whilst  Huch  (German  Patent,  No.  I74,B78)  has  protected  a  com¬ 
position  containing  a  brown  powder  (16  per  cent,  of  S  and  82  per  cent,  of  P)  produced  by  the 
interaction  of  sulphur  chloride  and  red  phosphorus. 

A  phosphorus  polysulphide,  PiSjo,  claimed  in  German  Patent,  239,162,  and  brench  Patent, 
424,522,  of  1910,  has  been  shown  by  Stock  and  Frederic!  [Zeit.  angew,  C/iem.,  1912,  XXV.,  2201) 
to  be  mainly  a  mixture  of  sulphur  and  the  sulphide  P4S3.  Thiophosphites  made  by  heating 
sulphides  Sb^S,},  ZnS,  etc.)  with  red  phosphorus  and  sulphur  in  an  atmosphere  of  carbon 

dioxide  to  a  temperature  of  450“  C.  are  used  in  compositions  patented  by  the  Elektron  Fabrik 
(German  Patent,  No.  153,188),  as  for  example  in  the  formula  Zinc  thiophosphite,  30;  potassium 
chlorate,  60 ;  zinc  oxide,  5  ;  gypsum,  3  ;  chalk  5  ;  and  powdered  glass,  lo  parts. 

Matches  of  this"  composition  are  less  affected  by  moisture  than  those  containing  phosphorus 
sulphides. 

Various  allotropic  modifications  of  phosphorus,  such  as  Schenk’s  scarlet  phos¬ 
phorus  and  Hittorf’s  variety  {Ber,,  1909,  XLIL,  45^0),  which  is  obtained  by  heating 
phosphorus  with  lead  in  closed  tubes  to  a  high  temperature,  are  also  used  for  match 
.  compositions. 

An  ignition  composition  claimed  by  G.  W.  Johnson  (English  Patent,  21,931,  of  1909)  contains 
the  following  ingredients  Red  phosphorus,  350  ;  antimony  pentasulphide,  400  ;  chalk,  100  ;  zinc 
oxide,  100;  and  powdered  glass,  100  parts. 

These  are  made  into  a  paste  with  water,  and  incorporated  with:— Glue,  $00;  potassium 
chlorate,  1,300;  chalk,  50  ;  zinc  oxide,  50;  and  powdered  glass,  50  parts. 

A  paste  upon  somewhat  similar  lines  is  claimed  by  Caussemille  Jeune  et  Cie  et  Roche  (French 
Patent,  404,337,  of  1909),  the  phosphorus  therein  being  described  as  ‘‘neutral  amorphous 
pho^horus,”  obtained  from  ordinary  phosphorus  by  distillation  and  filtration. 

The  preparation  and  properties  of  two  solid  hydrogen  phosphides,  P^H^and  P9H2,  are  described 
by  Stock,  llottcher,  and  Lenger  {Ber.  d,  d,  Cheni,  XLII.,  2039)*  The  orange»coloured 

compound,  P^H^,  is  used  in  a  match  composition  patented  by  Wheelwright  (English  Patents, 
21,866,  of  X906,  and  3,214,  of  1910). 

Statistics. — The  following  tables  show  the  values  of  matches  exported  and  imported  during 
several  years  ending  1910. 

Exports  of  British  Matches 


1S90  Safety  matches  and  others 
1S95  Safety  matches  and  others 
f  Safety  matches 
Other  kinds  - 
.  ^  r  Safety  matches 

Other  kinds  -  -  - 

^  Q  /  Safety  matches 
Other  kinds  ■ 

/  Safety  matches 
1909 Other  kinds  - 
I  Safety  matches 
19 10*1^  Other  kinds 


Total  to 
Foreign_ 
Countries 

Total  to  Britiih 
Posiessions, 

Grand 

Totals. 

L 

z. 

£. 

16,517 

129,366 

145,883 

9.849 

77,470 

87,319 

1. 175 

8,677 

8,903 

89,965 

1,260 

9,841 

4,914 

56,565 

§53 

10,703 

3.629 

74.796 

1,212 

3.839 

69’^  }84-7S*  { 

16,356 

73.447 

1,626 

14,718 

2,270 

71.747 
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British  Imports 
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Safety  matclies  and  others 
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i  1 

: 
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G 
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36. 
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Safety  matches  anti  tnhers 

.  ! 

36 

1900 1 

Safety  matches 

Other  kinds  • 

'  303,818 

I77.3J9 

20 

17 

19^5! 

Safety  matches 

Other  kinds 

a6|,4f»  , 

26 

3r 

i9o8| 

Safety  matches 

W.57.J 

32 

Other  kinds 

3^1.095 

28 

1909  ( 

Safety  malchei 

Other  kinds 

•  j 

■  :  as«>.‘t^7 

'  34 

25( 

1910 1 

Safety  matches 

Other  kinds  • 

•  :  ; 

•  i  I7i.4»>^ 

... 

3o( 

^7: 

SUBJECT  INDEX 


Note. —  The  Roman  numerals  refer  to  the  volume,  the  Arabian 
numerals  to  the  pages. 


A 

Aalborg  kiln,  IL,  79,  104,  105 
Abbe  ball  mill,  IL,  24,  94 
Abraham-Marmier  ozone  tower,  I.,  15 1 

—  ■ —  ozoniser,  L,  149 

Abrasive  powders,  IL,  414,  418,  419, 
420 

—  wheels,  IL,  123 

Abrasives,  IL,  334,  402,  403,  406,  4*3'4^i 
Abrastol,  IL,  5 

Absorption  machines,  ice  making,  L,  81 

—  pyrometers,  L,  67 

—  towers,  L,  277,  447 
Accelerators,  for  plaster,  IL,  ii6 
Accumulators,  use  of  cerium  salts  in,  IL, 
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use  of  vanadium  salts  in,  IL,  381 
Acetic  acid,  decolorising,  II.,  349 

—  disinfecting  properties,  IL,  5 

—  germicidal  value,  IL,  3 
Acetonitril,  L,  456 

Acetylene,  L,  4S  *03»  4^7;  IK 

411 

hydrogen  from,  L,  115 

—  reducing  power  of,  L,  487 

—  temperature  of  ignition,  L,  45 
Achromatic  glass,  IL,  264 
Acid,  benzoic,  IL,  5 

—  hippuric,  L,  429 

—  hydrocyanic—see  Mydroryamo  add 

—  hydrofluoric,  L,  4 13-4 19 

—  nitric— see  Nitric  add 

—  perboric,  L,  425,  426 

—  percarbonic,  L,  426 

—  persulphuric,  L,  424,  425 

—  salicylic,  IL,  5 

—  sulphuric,  L,  207  it  seq, ;  see  also 

Sulphuric  add 

Acid  centrifugal  pumps,  L,  232 

—  concentration  pans,  L,  236 

—  eggs,  L,  233,  277 

—  elevators,  L,  231-233 

—  emulseurs,  L,  233 
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Acid  pumping,  L,  231-233,  27S 

—  resisting  ware,  L,  236 

—  sodium  sulphate,  disinfecting  properties 

of,  IL,  12 

—  towers — see  under  Towers,  Gay-Lussac 

to%mrs,  Glover  towers 

—  waters,  L,  173,  194 
Acids,  amino,  L,  427,  428 

—  disinfecting  properties  of,  IL,  12 

—  germicidal  value  of,  IL,  io»ii 
— -  hydrogen  from,  L,  116 
Acker,  electrolytic  process,  L,  377 
Actinium,  disintegration  of,  IL,  386 

—  radio-active  constants  of,  IL,  387 
Actinium  emanation,  radio-active  con¬ 
stants  of,  IL,  387 

—  series,  IL,  387 

Actinolite  asbestos,  IL,  281,  284 
Actol,  IL,  16 

Adie  testing  machine,  IL,  121,  122 
Adobe  clay,  IL,  144 
Ados,  combustion  meter,  L,  47 
Aerated  waters,  L,  195-200 

—  —  continuous  process  for,  L,  196 

—  —  fermentation  of,  I.,  199 

—  —  Geneva  process  for,  L,  196 

—  < —  metallic  contamination  of,  L,  199 

—  —  pre.ssure  of  saturation  of,  L,  197 
Aerobic  tanks,  L,  187 

Aeronautics,  use  of  hydrogen  in,  L,  1 1 7, 
118 

Aeschynite,  IL,  291 

Agate  pestles  and  mortars,  IL,  415 

Agyrol,  IL,  i6 

Air,  amount  required  for  combustion,  L, 

46,  47 

—  drying  of,  L,  77,  86,  89,  93,  98 

—  properties  of,  L,  103 

—  purification  of,  L,  86,  89,  154 
Air-gas,  L,  119,  121,  122,  123 
~  “  liquefying  machines,  L,  85 

' —  —  separators,  L,  15,  16,  65,  67;  IL, 
28,  107 

Alabaster,  L,  345 
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Alabaster  glass,  II.,  269 
Alby  carbide  furnace,  II.,  409,  410 
Albuminoid  ammonia,  I.,  r6o,  193 
Alcohol,  germicidal  value  of,  II.,  3 

—  use  as  fuel,  I.,  25  , 

Alcoholic  fermentation,  carbon  dioxide 

from,  I.,  141 
Alexandrite,  II.,  63 
Algin,  I.,  408 
Alite,  I.,  no,  rxi,  125 
Alkali,  electrolytic,  I.,  367-379 

—  Act,  I.,  235-275 

—  chlorides,  electrolysis  of,  I.,  367,  368, 

374-375 

—  iodides,  I.,  41 1 

—  waste,  I.,  294,  297,  298 

Alkalis — see  under  Sodium  hydroxide. 
Sodium  carbonaU,  Potassium  hydrox¬ 
ide,  Potassium  carbonate.  Lime,  etc. 

—  action  on  glass,  II.,  246 

—  estimation  of,  11.,  120,  149 

—  hydrogen  from,  I.,  ri6 

—  presence  in  fire  clays,  II.,  230 

—  presence  in  water,  I.,  r7»(  >73  >  61 

—  removal  from  water,  II.,  61 
Allanite,  IL,  316 

Alloys,  pyrophoric,  II.,  316-319 

—  tantalum,  IL,  341 
Alluvial  clay,  II.,  144 
Almandine,  II.,  63 
Alpha^-rays,  IL,  385 
Altmann’s  process,  II.,  10 
Alum,  IL,  49.  54,  55,  5^,  57 

—  action  on  plMter,  IL,  117 

—  ammonium  iron,  IL,  56 

—  burnt,  II.,  56 

—  iron  in,  II.,  57 

—  potassium,  IL,  55,  56 

—  potassium  ehrome,  IL,  56 

—  replacement  l^  dumtninm  sul^te, 

n.,  49,  56 

—  shales,  IL,  55,  144 

—  sodium,  IL,  56 

—  statistics,  L,  33a,  333 

—  vradarproofing  by,  IL,  1x8,  119 
Alum  cak^  IL,  54 

—  stone,  IL,  55 

Alumina,  L,  227 ;  IL,  49-52, 16$ 

—  brides  of,  IL,  233 

—  crudbles  of,  IL,  272 

—  detection  by  dyeinii^  IL,  x xx 

—  estimation  d",  IL,  x  19  ' 

—  fused,  L,  a3X,  236  j  IL,  52 

—  manufecture  L,  473,  474;  IL,  49- 

St 

—  padcii^  for  axM  towas,  L,  231,  236  j 

IL,  52 


Alum,  properties  of,  IL,  51,  52 

—  thermite,  IL,  75 

— •  u.ses,  IL,  51,  52,  240,  250,  253,  277, 
278,  279,  418 

Aluminate,  sodium,  I.,  474;  IL,  50,51, 
52,  56 

—  calcium,  IL,  109,  no,  iii 
Aluminium,  II. ,  49,  51 

action  on  alkalis,  L,  n6 

—  action  on  charcoal,  IL,  68 

—  action  on  iron  oxide,  IL,  68 

—  action  on  lead  sulphide,  IL,  67 

—  action  on  metallic  oxides,  1 1.,  68 

--  action  on  metallic  sulphides,  IL,  67, 
68,  69 

—  alloy.s  of,  I.,  no;  IL,  325,  327 

—  metallic  plates,  L,  175 

—  reduction  of  metals  by,  IL,  69 

—  sterilising  effect  of,  IL,  r6 

—  use  as  anti-scale  agent,  L,  175,  176 
Aluminium  acetate,  11.,  56 

—  chloride,  IL,  i6,  56 
comftounds,  industry  of,  IL,  49-57 

—  fluoride,  IL,  52 

—  hydroxide,  IL,  49,  50,  51,  52 

—  hyiKKrhlorite,  I.,  396 

—  nitride,  I.,  107,  473-474 

—  oxide —see  Alumina. 

—  salts,  disinfecting  properties  of,  1 1.,  16 

—  —  uses  of,  1 1.,  $6,  57 

- water  purification  by,  L.  166 

—  silicates,  IL,  60,  X09  iix,  139-142 

—  silicofluorides,  IL,  119 
soaps,  IL,  57 

—  sulj^hate,  IL,  52-57 

—  ~  iron  free,  II.,  er,  52,  53 

—  — -  manufacture  of,  IL,  52-54 

—  —  properties  of,  IL,  54 

- -  replacement  of  alum  by,  IL,  56 

- of,  L,  1S8 

Alumino-wliottes,  IL,  60,  109-1x1,  139, 
X42 

Alumino-filicic  adds,  IL,  140  142,  15^ 
183 

Atumino  thermiai,  IL,  67-75 
Aluminol,  IL,  5 
Alunite,  IL,  55 

Alundun,  L,  236;  IL,  406-407,  415,  418 

—  furnace,  IL,  406,  407 

—  liletature,  1 1.,  399 
Amalgam,  swium,  L,  374,  375 
Amber  mica,  IL,  286,  288 
American  natural  cements,  IL,  86 
Amethysts,  IL,  63 

Amino  acldte,  L,  427,  428 
Amino  acetic  acid,  I.,  428 
Ammonia,  L,  453-474 
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Ammonia  absorption  in  brine,  L,  300 

—  absorption  by  plants,  I.,  427 

—  absorption  of,  L,  304,  305 

—  albuminoid,  I.,  160 

—  anhydrous,  L,  467 

—  bacteria,  L,  428,  429 

—  by  direct  union  of  elements,  L,  469- 

472 

—  catalytic  formation  of,  L,  469 

—  costs  of  manufacture,  I.,  471 

—  cyanide  from,  I.,  485,  486,  487 

—  distillers,  L,  312,  313-317 
■—  dry,  I.,  467 

—  estimation  of,  in  water,  I.,  193,  194 

—  from  aluminium  nitride,  I.,  474 

—  from  beetroot  sugar  waste,  I.,  454 

—  from  blast  furnace  gas,  I.,  454 

—  from  bones,  I.,  455 

—  from  coal,  L,  453,  454 

—  from  coke  ovens,  I.,  52,  55 

—  from  cyanamide,  I.,  449,  472,  480 

—  from  leather,  L,  455 

—  from  Mond  gas,  I.,  453 

—  from  nitrides,  L,  473-474 

—  from  nitrogenous  organic  matter,  L, 

455 

—  from  peat,  L,  454 

—  from  producer  gas,  I.,  454 

—  from  sewage,  I.,  455 

—  from  shale,  L,  454 

—  from  urine,  L,  455 

—  from  vinasse,  L,  454 

—  heat  of  distillation  of,  I.,  316 

—  heat  of  evaporation  of,  I.,  80 

—  heat  of  formation  of,  I.,  469 

—  heat  of  solution  in  brine,  I*,  305 

—  limiting  amounts  in  water  for  fish,  L, 

192 

—  in  water,  L,  158,  160,  192 

—  oxidisation  of,  L,  429,  434,  435,  448 

—  properties  of,  L,  103 

—  proteid,  I.,  160 

—  purification  of,  L,  465 

—  recovery  plants,  I.,  133,  462,  463 

—  solutions,  maalytical,  IL,  46 

—  solutions,  specific  gravity  of,  L,  465 

—  solid,  L,  467 

—  sources  of,  L,  454-455 

—  steam  required  for,  L,  316,  317 

—  stills,  L,  457-459 

< —  sulphocyanides  from,  I.,  495 

—  synthetic,  L,  118,  44T,  455,  469-474; 

n.,  373 

tension  of  vapour  during  distillation, 
3H,  3i5»  316 

—  tension  of  vapour,  I.,  79 

—  use  as  a  polish,  IL,  420 


Ammonia,  use  as  refrigerating  agent,  I. 
7S,  79 

—  water,  I.,  463-465 
Ammonia  cycle,  I.,  324 

Ammonia  soda  process,  L,  144,  285,  289, 
299-328 

- by-products  of,  I.,  326,  366 

- calcium  chloride  from,  L,  366 

- carbonating  apparatus  for,  I., 

306,  307 

- chemical  control  of,  L,  323 

- : - cost  of  working,  L,  325 

- history  of,  I.,  299,  300 

- modifications  of,  L,  326 

- raw  materials  for,  L,  325,  326 

- statistics,  I.,  289 

- summary  of,  I.,  321,  322 

- theory  of,  I.,  300 

- yield  of,  I.,  303,  324 

Ammoniacal  fermentation,  L,  187 

—  liquor,  L,  456 
Ammonium  acetate,  I.,  467 

—  alum,  IL,  56 

—  bromide,  L,  467 

—  carbonate,  I.,  556,  466 

- conversion  into  potassium  carbon¬ 
ate,  IL,  61 

- limiting  amount  in  water  for  fish, 

L,  192 

- manufacture  of,  L,  466 

- production  from  urea,  I.,  428 

- -  properties  of,  L,  466 

- uses  of,  L,  466 

Ammonium  chlorate,  I.,  467  ;  IL,  61 
Ammonium  chloride,  I.,  176,  466 

- heat  of  formation  of,  I.,  466 

- limiting  amounts  in  water  for  fish, 

L,  192 

- solubility  in  water,  L,  301 

—  —  uses  of,  L,  466 

—  cyanide,  I.,  456,  494 

—  ferrocyanide,  I.,  493 

—  fluoride,  L,  417,  467;  IL,  ii 

—  formate,  I.,  471 

—  iron  alum,  IL,  56 

—  nitrate,  L,  435”43^>  448,  480 

- effects  of  heat  on,  I.,  496 

- heat  of  formation  of,  I.,  466 

- manufacture  of,  I.,  435 

- manurial  value  of,  I.,  436 

- production  of  by  the  ammonia  soda 

process,  L,  326,  435,  436 

- properties  of,  I.,  436 

- uses  of,  L,  436,  466 

—  oleate,  L,  467 

—  perborate,  I.,  426 

—  perchlorate,  L,  389,  466 ;  IL,  61 
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Ammonium  persulphate,  I.,  424,  425,  466 

—  phosphate,  L,  466 

—  polysulphidcs,  I.,  49S”49^ 

—  salts,  L,  429,  466”467 
- fixed,  L,  45^ 

- oxidation  to  nitrates  by  bacteria,  L, 

434 

- - technical,  L,  466 

—  volatile,  L,  456,  457 

—  sulphate,  L,  456"4^3»  4^^ 

—  —  composition  of,  L,  456 

- cost  of  manufacture,  L,  471,  472, 

473  ... 

- -  direct  process  for,  L,  462 

- - from  ammoniacal  liquor,  L,  456- 

4S9 

—  from  blast  furnace  gas,  L,  454 

- -  from  coke  ovens,  L,  52 

- -  from  Mond  gas,  L,  461 

- from  nitrolim,  IL,  41 1 

- - from  peat,  L,  459,  4^^ 

- from  shale,  L,  454 

- from  urine,  L,  455 

- heat  of  formation  of,  L,  466 

- —  limiting  amounts  in  water  for  fish, 

L,  192 

- nitrogen  content  of,  L,  469 

- oxidation  of,  by  bacteria,  L,  434, 

435 

plant  for,  L,  457,  458,  459,  460, 
464 

- price  of,  I,  456,  473 

--  statistics  of,  L,  4S4-4SS  i  47 

—  ■ —  use  as  manure,  1 1.,  36 

—  —  yield  from  coal,  I.,  453 

—  sulphide,  L,  305,  456,  494 

—  superphosphate,  IL,  42 

—  sulphocyanide,  L,  467,  492,  494,  493 

—  thiosulphate,  L,  466 
' —  uranate,  IL,  37a 

—  uranyl  carbonate,  IL,  372 
Amphibole  asbestos,  IL,  a8i-a8a,  284 
Amsler  and  I^on  press,  IL,  laa 
Analclte,  IL,  59 

Anast%matic  glass,  IL,  264 
Andeer%  lotion,  II,,  4 
Anderson*0  proc«s  for  water  puriicttion, 
L,  m 

Andrew^  r^mrches,  L,  84 
Anhydrite,  L,  329,  ^46,  347 
Anhydrous  ammonia,  I.,  467 
Animal  black  charcoal,  L,  491 
Animals,  assimilation  of  niti^«  by,  L, 
42  7t 

—  excretion  of  nitrogen  by,  L,  427,  428, 

429 

Annaline,  L,  343 


Annealing  glass,  IL,  261 
Anodes,  composition  of,  for  chlorine,  L 
3^9 

Anthophyllite  asbestos,  IL,  2B2 
Anthracite,  I.,  6 

—  bri(|uctting  of,  L,  24 
Antichlor,  L,  259 
Antiformin,  II.,  9 
Antihypo,  1.,  426 

Antidncrustators,  L,  175,  176,  347 
Antimonic  acid,  colouring  pottery  with, 
IL,  165 

Antimony  alloys  with  rare  earth  metals, 
IL,  318 

—  oxide,  cxilouring  glass  by,  IL,  253,  269 
Antiseptic  power,  IL,  1 

Antiseptics,  L,  42a,  423;  IL,  1-16 

—  testing  of,  IL,  1*3 
Apollinaris  water,  L,  198 
Acfuadag,  IL,  405 
Acjuii  regia,  L,  379 

—  water  purification  by,  L,  168 
Aquamarine,  IL,  fij 

Arc  electrodes,  magnetite,  IL,  329 

—  — -  tilaniferoui,  IL,  328-329 
•—  —  uninium,  IL,  373 
Architectural  faience,  IL,  157 
Archless  kiln,  IL,  314,  3i§ 

Argenlamlne,  IL,  ifi 

Argentina,  vitnadtiiiii  ores  of,  IL,  377 
Argon,  prcijiertiei  of,  L,  loj 
Argcinfne,  IL,  16 

Armour  plates,  tungiien  in,  IL,  349 
ArriiourecI  concrete,  IL,  iiE 
Armstrong^Mtirdafi  procesi,  L,  24 
Arsenic,  dtilnfecling  {ircn>ertk!i  cif,  IL,  13 

—  in  mineral  waters,  L,  too 

--  in  sulfitiuric  acid,  L,  317,  ajj,  250 

—  removal  from  hydroclilorie  tcici,  L, 

278 

removal  from  fiilphur  dtoxitle  ga«e», 
L,  244 

—  reiticiviil  friini  itilpfiurir  arid,  L,  235 
Arienic  iirid,  me  in  gl.»s  fiiiikitig,  *IL, 

»53 

oxide,  clistnfeeting  pro[ii!iiie%cifi  IL,  so 
Arieiiral  dip«,  IL,  30 
Arieiitoui  iiiitle  iii  IL,  ago  253 
Aritmite  of  iiitlt,  dwinfeciing  pra|>erti» 
of,  IL,  to 

Art  trnatneli,  IL,  t|8 
Artetitii  L,  1 59 
Artificial  rold,  L,  77 

—  gems,  If.,  ifi|  aii  * 

—  giitiios,  IL,  4t 

nmntirci,  I L,  1^47 

—  nitrblt,  L,  ;  II.,  itS 
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Artificial  mineral  water,  L,  195  et  seg, 

—  silk,  for  incandescent  mantles,  IL,  304, 

305*  306,  312,  313 
--  stone,  L,  419;  IL,  129-131,  134 

—  teeth,  IL,  19 1 

—  zeolite  industry,  IL,  59-61 
Asbestic,  IL,  284 
Asbestos,  IL,  281-284 

—  actinolite,  IL,  281,  284 
amphibole,  II.,  281,  284 

— -  anthophyllite,  IL,  282 

—  blue,  IL,  282 

— *  chrysotile,  IL,  282,  283,  284 

—  crocodolite,  II.,  282 

—  filtering,  IL,  284 

—  fireproofing,  IL,  284 

—  Italian,  IL,  281,  282 
~  nature  of,  IL,  281 

—  ropes  of,  IL,  284 

—  serpentine,  IL,  282 

—  tremolite,  IL,  281,  284 

—  uses  of,  IL,  284 

Asch’s  theory  of  clays,  IL,  141 

—  —  of  glass,  IL,  244,  267 

—  —  of  silicates,  IL,  236-241 
Astrakanite,  L,  329,  330 

Atlantic  Ocean,  composition  of,  L,  263 
Atmospheric  nitrogen,  absorption  of,  L, 
427,  428,  429 
— -  —  quantity  of,  L,  441 
Atomisers,  L,  226,  418 
Atoms,  disintegration  of,  IL,  384-385 
Auer  metal,  IL,  316,  317 
Auricome,  L,  423 
Aussig-Bell  cell,  L,  373,  376,  377 
Australian  uranian  ores,  IL,  370 
Autogenous  welding,  L,  105 ;  IL,  71,  72 
Automatic  gas  lighters,  IL,  3x6-319 

—  stokers,  I.,  35 

Autunite,  IL,  369,  370,  371,  372,  389 
Available  chlorine,  I., '396 
— •  heat  of  fuel,  L,  45 

—  oxygen,  L,  360,  421,  424 
Aventurine,  IL,  164 
Aventurine  glass,  IL,  267,  268,  269 
Avery's  automatic  hopper  weigher,  II!, 

108 

B 

Babcock  &  Wilcox  stoker,  I.,  37,  41 
Badilus  typhosus^  IL,  3 

—  L,  428 

Bacteria,  destruction  of,  by  light,  L,  158, 
170-172 

—  —  in  sewage,  L,  186-189 
^  in  water,  L,  168 


Bacteria  in  water,  L,  16 1 

—  nitrifying,  L,  427,  428,  429 
Bacterial  manures,  IL,  39 
Bacterised  peat,  L,  434 
Baddeleyite,  IL,  331,  332 
Balas  ruby,  IL,  63 

Ball  clays,  IL,  144,  154,  160,  i66,  194 
--  mills,  IL,  24-26,  89,  93,  94,  414 
Balloons,  L,  117 
Baltic,  salt  in,  L,  263 
Barium  carbide,  L,  491 

—  carbonate,  L,  351 ;  IL,  248 

—  —  in  glass,  IL,  248,  253 

—  ~  water  .softening  by,  L,  178 
^  chloride,  L,  351,  352 

—  —  limiting  amount  in  water  for  fish 

L,  192 

—  hydroxide,  L,  114,  352 

—  nitrate,  L,  352 

—  oxide,  L,  352 

--  —  in  enamels,  IL,  277 

—  —  influence  on  glass,  IL,  248 

—  peroxide,  L,  352,  421-422,  423 

—  —  action  of  aluminium  on,  IL,  68 
_  nse  in  glass-making,  IL,  248,  249 

salts,  L,  35X“35^ 

—  sulphate,  I.,  351 

—  sulphide,  L,  117,  235,  351,  352 

—  tannate,  L,  175 
Barrow,  brick,  II,,  207 
Baryta,  use  as  glaze,  IL,  162 

—  use  in  glass,  IL,  248,  253 
Barytes,  L,  351 

Basic  bricks,  IL,  233 

—  cinder,  II.,  32 

—  phosphate,  IL,  32 

—  slag,  IL,  3a-33 

—  —  statistics,  IL,  47 

—  supemhosphate,  IL,  31 
Basins,  iL,  177 
Batchelor  kilns,  IL,  103 
Bauxite,  L,  473;  IL,  39,  55 

—  bricks  of,  IL,  233 

—  manufacture  of  aluminium  sulphate 

from,  IL,  52,  53 

—  nitrogen  absorption  by,  L,  473,  474 
Baum's  classifier,  L,  14 

Bay  salt,  L,  268 

Bead  glass,  IL,  2^2 

Beans,  nitrogen  absorption  by,  L,  428 

Becker's  electric  furnace,  II.,  255 

Beehive  oven,  L,  51 

Beeswax,  use  as  polish,  II.,  44 

Beet  sugar  molasses,  cyanide  from,  L, 

488-4^9 

_  —  potassium  from,  L,  338 

- -  waste,  1 , 454 
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Bei  by  cyanide  process,  L,  485,  486 
Beleek  porcelain,  11.,  186 
Belite,  IL,  ixo,  in,  125 
Bell-Colemann  machine,  L,  81 

—  electrolytic  cell,  L,  375-377 
Belt  elevator,  IL,  89 
Bengal  ruby  mica,  IL,  288 

—  white  mica,  IL,  288 

—  yellow  mica,  IL,  288 

Benker  and  Millberg*s  sprays,  L,  233, 
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Bennis  stoker,  L,  37,  39 
Benzene,  cement  resisting,  IL,  137 

—  compositions  insoluble  in,  IL,  137 

—  hydrogen  from,  L,  115 

—  recovery,  L,  52,  55 

—  tight  joints,  IL,  137 

Benzoates,  disinfecting  properties  of,  IL,  5 
Benzoic  acid,  disinfecting  properties 
IL,  5 

—  - from  hippuric  acid,  L,  42S 

—  —  germicidal  value  of,  11.,  3 
Benzoin,  use  in  polishes,  IL,  421 
Benzol— see  Bmsme 

Benzoyl  sulphonic  imide,  IL,  6 
Ber^ius  process,  L,  m 
Berlin  blue,  L,  493-494 

—  porcelain,  IL,  1S4 
Beryl,  IL,  63 

Beryllium  aluminium  silicate,  IL,  63 

—  nitrate,  in  incandescent  mantles,  IL, 

3071  30S 

Beta  naphthol,  disinfecting  properties  of, 

IL,  4 

- - sulphonates,  disinfecting  properties 

of,  IL,  5 

—  mys,  IL,  38s 
Betaine,  L,  4S9 

Beth  dust  collector,  IL,  107,  io8 
Beton,  IL,  iij 

Bichromate,  colouring  glass  by,  II,,  269 

—  potossium,  L,  339 
Bicarbonates,  In  water,  L,  172,  173 

—  potassium,  L,  339 

—  ^fum,  L,  313,  318,  337,  3181  s« 

SmiiMm  MmrhMafi 


Billita^Leyfcam  cell,  I.,  372,  373 
Billiter-Siemens  cell,  L,  372,  373 
Binders,  briquettes,  L,  ti 
Birktiand-Eyde  fuma«,  L,  443-444 
—  —  procew,  L,  436,  441,  443 
Btschofite,  L,  339 

Bismuth,  resemblance  to  polonium,  IL, 
.  39® 

Biscuit  ware,  IL,  176 
Bitten,  IL,  137 
Biturainoui  ^s,  L,  5 


Black  ash,  furnaces  for,  L,  291,  292 

—  —  lixiviation  of,  L,  293 

—  ~  liquors,  evaporation  of,  L,  294 

—  glass,  IL,  269 

—  lead,  use  as  polish,  IL,  421 

—  overgla/c,  IL,  189 

— »  oxide  of  manganese,  L,  360 
»—  Sea,  composition  of,  L,  263 
Blacks,  in  pottery,  IL,  165 
Blackett  washers,  L,  13 
Blacking,  boot,  II.,  431 
Blake  stonebreaker,  IL,  92 
Blake-Denison  automatic  weigher,  IL, 
loH 

Blake* Marsden  crusher,  IL,  93 

—  —  stone4)reaker,  IL,  414 
Blast  furimre,  L,  40,  41 

—  ~  gas,  I.,  136 

~  —  ammonia,  rt?covery  fwim,  L,  454, 
462 

- -  slag,  II.,  8j,  III,  13 j,  as3 

Bleaching,  I.,  31)2,  393,  3., 4 
~  by  bleaching  powder,  1.,  393,  393 

—  by  jjerborates,  I.,  436 
™  by  percarbanates,  I.,  436 

—  by  hydrogen  jasroxide,  !.,  433 

—  by  sodium  hyj>m:hlorite,  I.,  396 

—  by  sodium  {HTCJxide,  I.,  431 
-’-electrolytic,  I.,  396-403 

—  litjmtrs,  I.,  396 

—  [»owdtT,  I.,  359,  3*3 1  396 

■™  •  composition  <*f,  L,  391,  393 

—  constitutum  of,  I.,  393 

-  -  •  disitifecmng  projjerdes  of,  I.,  396 , 

1 1 ,  H,  9 

-  --  electrtdytic,  I.,  360,  379,  395 

— "  •  ~  nutntifacture  of,  I.,  399,  393*395 

—  jmekingof.  I  .  394 

•  —  statistics,  I.,  359,  360,  374 

—  —  valuation  of,  I.,  396 

—  water  purification  by,  I.,  167 

.  I..  3‘)4 

Bleeding,  arresting  «»f,  I.,  413 
Blend  masting  furnace,  I,,  383 
Bleriot  tamjr,  IL,  334 
Iflitul  roasters,  L,  381,  383 
Blocks,  flooring,  IL,  337 
■—  partition,  II.,  337 
-•  paving,  IL,  197. 198 
Blotxl  meal,  IL,  39 
Blomstmndite,  IL,  370 
Blowing  of  cement,  IL,  to8 
Blown  glass,  IL,  351,  356 
Blue  asliestos,  IL,  183 

—  clays,  IL,  159,  tfio 
•™  glass,  IL,  369 

lias  lime,  analysis  of,  IL,  8r 
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Blue  printing,  L,  493 

—  tungsten  bronzes,  II.,  349 
Blueing  of  clays,  II.,  160,  164 
Blunger,  IL,  166,  167 

Body  of  earthenware,  IL,  165-169 

—  of  porcelain,  IL,  186 

—  of  pottery,  IL,  158 
Bohemian  glass,  IL,  242,  243,  251 
Boiler  composition,  L,  347 

—  compounds  —  see  Antiincrustators, 

Scaie^  etc* 

—  lagging,  IL,  136 

Boilers,  heating  by  surface  combustion, 
I.,  59)  61 

Boiler  scale,  L,  172,  173,  174,  175 

—  water,  L,  172,  173 
Boiling  test  for  cement,  IL,  124 
Bolognian  phosphorus,  L,  352 
Bombs,  incendiary,  II. ,  71,  72 
Bonds,  for  grinding  wheels,  IL,  415 
Bone  ash,  IL,  184,  425 

—  charcoal,  IL,  423 

—  china,  IL,  185,  X87 

• —  combustion  process,  I.,  57 

—  manures,  IL,  32,  33 

—  meal,  IL,  32,  33 

—  porcelain,  IL,  153 

—  Court  combustion,  I.,  60 

Bone,  ammonia  from  distillation  of,  L,  455 

—  crushing  of,  IL,  33 

—  dissolved,  IL,  32 

—  distillation  of,  IL,  423 

—  phosphorus  in,  II.,  423 

—  steamed,  IL,  33 

—  statistics,  11.,  ^7 

—  use  as  manure,  IL,  32,  33 
Boot  polishes,  IL,  421 
Boracic  acid,  IL,  162 

—  —  in  glass,  IL,  249 
Boracite,  L,  329,  331,  355 
Borate  glasses,  IL,  242,  244,  249 
Borax,  L,  3SH58 

—  action  on  plaster  of  Paris,  IL,  117 

—  disinfecting  properties  of,  11.,  ix 

—  uses  of,  L,  357  ;  IL,  157,  162,  249 

—  varieties  of,  L,  356,  357 

Borax  Consolidated  Co.  Ltd.,  L,  356 

—  glass,  L,  357 ;  IL,  249,  253 
Bordeau!)c  mixture,  I.,  206  ;  IL,  17 
Boric  add,  L,  332,  355,  356 

- disinfecting  properties  of,  IL,  it 

- germiddal  value  of,  IL,  3 

- m  enamels,  IL,  277,  278,  279 

- statistics,  I.,  356 

—  anhydride  in  glass  IL,  253 
Boro-flint  glass,  IL,  242,  249 
Boron  alloys,  IL,  70,  318 


Boron  compounds,  I.,  355-353 

—  nitride,  ammonia  from,  I.,  474 
Boronatrocalcite,  L,  355,  357 
Borophosphate  glasses,  IL,  250 
Borosalicylates,  L,  357 
Borosilicate  glass,  II.,  246 

—  glasses,  IL,  251 
- IL,  265 

Bottle  glass,  IL,  242,  243,  252 

- brown,  II.,  253 

- champagne,  IL,  242,  243 

- green,  IL,  253 

—  green  glass,  II.,  269 

—  kiln,  IL,  103 

—  lutes,  IL,  137 

—  machines,  II.,  257,  25S 

Bottling  machines  for  aerated  waters,  L, 
196,  197 

Boulder  clay,  IL,  145 
Boulet  briquettes,  L,  24 
Boulevard  carboniser,  L,  307 
Bowl  making  machines,  IL,  172 
Bradley-Craven  brick  machine,  IL,  209 

—  three-roll  mill,  IL,  26,  96 
Brass  furnaces,  L,  40 
Braunkohle,  L,  4 

Brazil  monazite  deposits,  IL,  292 
Brewed  aerated  waters,  I.,  199 
Brick  clays,  IL,  145 
~  earths,  IL,  145 
Bricks,  11.,  199-222 

—  alumina,  IL,  233 

—  baked,  IL,  214 

—  barrow  for,  IL,  212 

—  basic,  IL,  233 

—  bauxite,  IL,  233 

—  buff,  IL,  203 

—  building,  IL,  199,  234 

—  burning  of,  II.,  214 

—  chromite,  IL,  233 

—  common,  IL,  199 

—  crashing  strength  of,  IL,  200 

—  drymg  of,  IL,  212-214 

—  facing,  IL,  199 

—  fireclay,  II.,  231 

—  fire-proof,  IL,  229 

—  furnace,  IL,  229 

—  engineering,  IL,  200 

—  glazed,  IL,  157,  200 

~  improvements  in  manufacture,  IL,  22a 

—  iron  in,  IL,  202 

—  kilns  for,  IL,  214-222 
lime  in,  IL,  202 

—  lime  sand,  IL,  131,  223,  22a 

—  literature,  IL,  199 

■ —  machines  for,  IL,  209,  210,  211 

—  magnesia,  II.,  233 
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Bricks,  magnesium  aluminate,  IL,  233 

—  metallurgical,  IL,  229,  233 

—  neutral,  IL,  233 

—  open  air  driers,  IL,  213 

—  plastic,  plant  for,  II.,  209 

—  raw  materials  for,  II.,  201 

—  red,  IL,  202 

—  refractory,  IL,  200 

—  requirements  of,  II.,  200 

—  resistance  of,  in  furnaces,  IL,  229,  230 

—  sanddime,  II.,  201 

—  semi-dry  process,  IL,  2 10-2 12 

—  silica,  IL,  232 

—  steel  furnace,  IL,  233 

—  stiff-plastic  process,  II.,  208-210 

—  stock,  IL,  199 

—  testing,  II. ,  198 

—  tunnel  driers  for,  IL,  2 12-2 14 

—  vitrified,  IL,  214 

—  weathering  of,  11.,  234 

—  white,  IL,  203 

—  zirconia,  II.,  233 
Brimstone  acid,  L,  206 

Brine,  composition  of,  L,  265,  304 

—  purnping,  I.,  263 

—  purification  of,  L,  270 

—  saturation  with  ammonia,  I.,  304 

—  wells,  L,  263-265 

Brinn’s  oxygen  process,  L,  105,  352 
Briquettes,  L,  19 

—  cement,  II.,  99 

—  manufacture,  I.,  21,  22,  23,  24 
British  Oxygen  Co.,  I.,  100 

—  thermal  unit,  L,  45 
Broadbent  stone-brewer,  II.,  92 
Broggerite,  II.,  369 
Bromidine,  IL,  10 

Bromine,  L,  403-406 
--  disinfectant  properties,  IL,  10 

—  electrolytic  process  for,  I.,  405 

—  manufacture  of,  L,  264,  332,  403,  404, 

\ ;  405 

^ —  occurrence  of,  I.,  403 

—  plafit  for,  I.,  404,  405 

—  properties  of,  L,  405 

—  purification  of,  I.,  405 

—  statistics  of,  I.,  406 

—  uses  of,  I.,  406 

—  water  purification  of,  L,  168 
Bromine  salt,  I.,  406 

—  water,  germicidal  value  of,  IL,  3 
Bromium,  solidification,  I.,  406 
Bronze,  magenta,  IL,  349 

—  powders,.  IL,  349 
Brookite,  II.,  323 
Broughton  mixer,  IL,  116 
Brown  glass,  IL,  269 


Brown  overglaze,  II.,  189 
Burnett’s  fluid,  IL,  16 

—  tower  chamber,  I.,  227,  228 

—  uranium  dyes,  IL,  373 

Bruhler  glass  bottle  machines,  II.,  257 
Brunck  oven,  I.,  54 
Brunswick  black,  II.,  421 
Bucket  pumps,  I.,  233 
Bueb’s  cyanide  process,  I,  488-489,  492 
493 

- recovery  from  coal-gas,  I.,  493 

Biihrer  continuous  kilns,  IL,  218,  221 
Buff  bricks,  IL,  203 

—  burning  clays,  IL,  149,  160 
Buffing,  IL,  420 

Building  bricks,  II.,  199,  222 

—  lime,  IL,  81 

Bulbs,  glow  lamp,  IL,  352-353 
Bungs,  IL,  177 
Burkheiser  process,  I.,  205 
Burner,  coal  dust,  L,  42 ;  II.,  102 
Burner,  gas,  I.,  221 

—  oil,  I.,  26 

—  pipes,  L,  220 
Burnt  iron  oxide,  I.,  213 

Butter,  use  of  sterilised  water,  I.,  172 
Butt-welding,  thermite,  II.,  71 
Buxton  lime,  analysis  of,  II.,  81 


c 

Cadmium,  alloys,  II.,  318 

—  borotungstate,  I.,  357 
Cainite,  L,  329 ;  see  Kainiie 
Cairngorm,  1 1.,  63 

Calcarone  sulphur  process,  I.,  201 
Calcareous  cement  industry,  IL,  77-125 
Calcium,  absorption  of  hydrogen  by,  L, 
1 16 

—  aluminate,  IL,  109,  no,  in 

—  bicarbonate,  L,  172,  173 

—  carbide,  L,  112,  472,  475,  481;  IL, 

409-41 1 

- absorption  of  nitrogen  by,  L,  477 

- action  of  water  on,  L,  479 

- decomposition  by  carbon  dioxide, 

- decomposition  by  carbon  monoxide, 

L,  480 

- literature  of,  IL,  399 

— ^  —  manufacture  of,  L,  475 

- properties  of,  IL,  411 

- residues,  manurial  value  of,  IL,  41 

- statistics,  IL,  411 

- uses  of,  IL,  41 1 

—  carbonate,  burning  to  lime,  IL,  78-81 
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Calcium  carbonate  in  glass,  II.,  253 

- heat  of  decomposition,  L,  317,  320 

- properties  of,  I.,  341 

- solubility  of,  L,  341 

- tension  of  dissociation,  L,  341 

- use  as  manure,  IL,  41 

Calcium  chloride^  L,  326,  327 

—  —  chlorine  from,  L,  366 

- compound  with  ammonia,  L,  467 

- —  hydrochloric  acid  from,  L,  366 

- limiting  amount  in  water  <or  fish, 

L,  192 

—  —  nitrogen  absorption  by,  L,  477,  479 
- properties,  L,  341,  342 

- removal  from  water,  IL,  60 

- solubility  of,  I.,  342 

- specific  gravity  of  solutions,  L,  342 

—  —  uses,  L,  79,  34J,  342,  477,  479 

—  cyanamide,  L,  T07,  429,  449,  475“4Si  ^ 

IL,  411 

- ^  ammonia  from,  L,  472 

- analysis  of,  11,  38 

- literature,  IL,  399 

- manufacture  of,  L,  475”477 

- manufacture  of  cyanides  from,  I., 

490,  491 

- manurial  value  of,  IL,  37 

- uses  of,  L,  480,  481 ;  IL,  37 

—  ferrocyanide,  I.,  492,  493 

—  fluoride,  L,  413,  415  ;  IL,  51 
- -in  glass,  IL,  253 

- -in  phosphates,  IL,  28 

- nitrogen  absorption  by,  L,  477,  479 

—  hydride,  IL,  68 

—  —  action  of  aluminium  on,  IL,  69 

—  —  hydrogen  from,  L,  ri6 
- — -  reduction  by,  IL,  391 

—  hypochlorite,  L,  391,  392,  395 

—  — •  disinfecting  properties  of,  II.,  8-9 
—  pure,  I.,  39S 

nitrate,  L,  210,  434,  435,  447 
- - ammonium  nitrate  from,  I.,  435 

—  —  manurial  value  of,  IL,  36-37 

—  nitride,  1 , 474 

—  oxide,  L,  341 ;  see  Lime 
~  permutite,  IL,  60 

—  peroxide,  L,  167,  422 ;  IL,  7 

—  phosphate,  IL,  2r,  23,  28,  269 

—  potassium  ferrocyanide,  I.,  492 
~  salts,  I.,  34X'342 

— •  precipitation  of,  L,  270 
- removal  from  water,  IL,  60 

—  —  use  as  manure,  IL,  41 

—  silicate,  IL,  84,  244 
- — —  stone,  IL,  130 

sulphate,  L,  175,  $45*349 
— -  analysis  of,  L,  348 


Calcium  sulphate  in  water,  L,  173,  174 

- limiting  amounts  in  water  for  fish, 

L,  192 

- removal  from  water,  I  ,  178 

- setting  of,  L,  347,  348 

—  —  solubility  of,  L,  270 

—  sulphide,  L,  293,  294 

—  sulpho-cyanide,  I.,  495 

—  vanadate,  IL,  376 

Caliche,  L,  431 ;  see  Sodium  nitrate 

—  iodine  in,  L,  407 
Callow,  IL,  203 
Calorie,  L,  45 

Calorific  intensity,  I.,  ii,  46  ^ 

—  power,  L,  8,  10,  45,  123 

- from  chemical  constitution,  L,  lo 

- of  gases,  L,  123,  126,  128,  134 

- -of fuels,  I.,  10 

Calorimeters,  I.,  8 
Cameos,  IL,  262 
Canadian  asbestos,  IL,  282 

—  mica,  IL,  286,  288 

—  uranium  ores,  IL,  370 

Cancer  treatment  by  radium,  IL,  396- 
397 

Cannel  coals,  L,  6 

Carbide,  calcium,  I.,  472,  475;  IL,  409- 
4 1 1 ;  see  also  Calcium  carbide 
Carbo-corundum,  IL,  419 
Carbolic  acid,  IL,  20 

—  —  germicidal  value  of,  IL,  1-3 

- - coefficient,  IL,  1-3 

—  —  dips,  IL,  20 

Carbon,  action  on  water,  I.,  112 
calorific  intensity  of,  L,  r  1 
heat  evolved  by  burning,  L,  29 

—  dioxide,  L,  139  et  $eq, 

- absorption  of  ammoniacal  brine  by, 

306*  309 

—  —  amount  in  ammonia  soda  plant 

gases,  L,  520 

— -  —  amount  m  lime-kiln  gases,  L,  320 
- amounts  in  water  injurious  to  fish, 

L,  192 

- disinfecting  properties  of,  L,  199; 

IL,  II 

- - dissociation  temperature  of,  L,  45 

- -  for  aerated  water,  L,  196,  197 

- —  from  beer,  L,  141 

—  —  from  carbonates,  I.,  141 

- — —  from  exhaust  gas,  L,  142 
- —  from  fermentation,  I.,  14 1 

—  —  from  furnace  gases,  L,  142 

- - -  from  lime  kilns,  L,  317,  318,  320 

- from  lime  stone,  1 ,  141 

■—  —  heat  of  formation,  I.,  45 
- industry  of,  L,  139 
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Carbon  dioxide,  influence  on  ammonia 
content  of  brine,  I.,  306 

- latent  heat  of  evaporation,  I.,  80 

- liquid,  L,  142 

- manufacture,  I.,  140  et  seq. 

- natural,  L,  130,  131 

- occurrence,  I.,  139 

- pressure  of  saturation,  L,  196,  197 

- production  of,  I.,  61 

- properties  of,  I.,  103,  139 

- purification  of,  I.,  141 

- snow,  I.,  143,  144 

- solid,  I.,  143 

- tension  of  vapour,  I.,  79,  143 

- use  in  ammonia  soda  process,  I., 

144 

- use  in  hardening  steel,  I.,  144 

- use  in  raising  sunken  ships,  I.,  144 

- use  in  refrigerating  agent,  I.,  78, 

79,  144  . 

- vapour  tension  of,  L,  79,  143 

—  disulphide,  L,  257-258 

- sulphocyanide  from,  I.,  495 

- transport  of,  I.,  258 

- uses  of,  I.,  258 

—  filaments,  II.,  353-355 

- efficiency  of,  II.,  366 

- lamps,  351-355 

—  monoxide,  I.,  112,  119,  124 

- boiling  point  of,  L,  112 

- formation  of,  I.,  120 

- heat  of  formation,  I.,  45 

- hydrogen  from,  I.,  113 

- poisoning  by,  I.,  12 1 

- production  of,  I.,  102 

- properties  of,  I.,  103,  120 

- temperature  of  ignition,  L,  45 

—  tetrachloride,  II.,  6 
Carbonates  in  water,  I.,  174 

Carbonic  acid,  I.,  139 ;  see  Carbon 

dioxide 

Carborundum,  II.,  400-403,  414,  415 

—  amorphous,  IL,  401-402 

—  decomposition  of,  II.,  401,  402,  404 

—  fire  sand,  II.,  401 

—  furnaces  for,  II.,  400-402 

—  literature,  II.,  399 

—  manufacture,  II.,  400-402 

—  properties  of,  II.,  402 

—  statistics,  IL,  403 

—  temperature  of  formation,  II.,  401-402 

—  uses  of,  II.,  402  403,  418 
Carboys,  II.,  260 
Carmine  overglaze,  II.,  189 
Caroallite,  I,  329,  330,  335;  IL,  127 

—  potassium  chloride  from,  L,  336 

—  use  as  manure,  II.,  41 


Carnotite,  IL,  369,  370,  371,  375,  389, 

390.  398 

Carolina  monazite  deposits,  II.,  292 
Caros  acid,  L,  424 
Carter’s  disintegrator,  II.,  26-27, 
Carthamus  iinctoris^  II.,  420 
Cascade  system,  I.,  236 
Case  hardening,  I.,  108,  481 
Cassius  purple,  colouring  pottery  with, 
II.,  165 

Casting  earthenware,  IL,  172 

—  porcelain,  IL,  187 

—  sanitary  ware,  II.,  195 

Castner  cyanide  process,  I.,  486,  487 
Castner-Kellner  cell,  I.,  373,  374,  375 
Castor  oil  meals,  use  as  manure,  IL,  38 
Catalase,  II.,  7 

Catalysts,  I.,  240,  363,  448,  449,  469-471^ 
474;  II-,  320,  373,  381,  405 

—  cerium,  IL,  320 

—  for  promoting  union  of  sulphur  dioxide 

and  oxygen,  I.,  240 

—  formation  of  ammonia  by,  I.,  469-471 

—  uranium  oxide,  II.,  373 

—  vanadium,  IL,  381 

Catal^ic  agents,  I.,  240 ;  see  Catalysts 

—  oxidation  of  hydrochloric  acid,  I.,  363 

—  platinum,  poisoning  of,  I.,  243 

—  poisons,  I.,  240,  241 

Catechol,  disinfecting  properties  of,  II.,  4 
Cathode  ray  tubes,  II.,  274 
Caustic  ammonia,  I.,  463-465 

—  potash — see  Potassium  hydroxide 

—  soda — see  also  Sodium  hydroxide 
- amount  made  by  electric  current,. 

I-.  367, 368, 374 

- concentration  of,  L,  378,  379 

- decolorisation  of,  I.,  296 

- electrolytic,  I.,  296,  297,  360,  367- 

379 

- energy  required  to  produce,  I.,  368 

- from  black  ash  liquors,  I.,  295 

- manufacture  of,  I.,  295,  296 

- packing  of,  I.,  296 

- statistics,  289,  379 

- strength  of,  L,  297 

- yield  of  per  H.P.  by  electrolysis^ 
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Ceiliag  plaster,  II.,  ii8 
Celestine,  I.,  353 
Cdite,  II.,  125 
Cell,  Aussig-Bell,  I.,  376,  377 

—  Bell,  L,  375>  376 

—  Castner-Kellner,  I.,  374 

—  Lederlin  and  Corbin,  L,  387,  38S 

—  mercury,  L,  375 

—  Rhodin,  L,  375 
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Cell,  Solvay-Kellner,  I.,  375 
Cellarius  condensers,  I.,  276,  277,  284 
Cells,  electrolytic,  I.,  368-377 
Cellulose,  action  of  water  on,  L,  m 
Cement,  IL,  133,  134;  see  also  Sodtum 
silicate 

—  acid  resisting,  IL,  135-137 

—  American  natural,  II.,  86 

—  analysis  of,  IL,  1 19-125 

—  blowing  off,  II.,  108 

—  boiling  test,  II.,  124 

—  burning  to  clinker,  II.,  99 

—  classification,  II.,  77,  78 

—  clays,  IL,  145 

—  clinker,  storing  of,  II.,  105 

—  constituents  of,  IL,  125 

—  crushing  strength  of,  IL,  122 

—  dental,  II.,  137 

—  dry  process  for,  IL,  92 

—  fineness  of,  IL,  12 1 

—  flour,  IL,  98 

—  French  quick-setting,  IL,  86 

—  Grappier,  IL,  82 

^  grinding,  II.,  84,  93-98,  1 06-107 

—  industry  of,  IL,  77-125 

—  iron  ore,  II.,  1 1 2 

—  iron  Portland,  II.,  85 

—  Keene’s,  IL,  117,  130 

—  kilns  for,  IL,  99-105 

—  la  Farge,  IL,  82 

—  Louisville,  II.,  86 

—  Mack’s,  II.,  1 17 

—  magnesium  oxychloride,  II.,  130 

—  marble,  IL,  136 

—  medina,  II.,  85 

—  microscopic  examination,  II.,  125 

—  miscellaneous,  IL,  135-137 

—  mixing,  II.,  84,  88 

—  mortar,  II.,  117-119  ;  waterproofing  of, 

IL,  118 

—  natural,  II.,  85-87 

—  natural  Portland  cement,  II.,  86 

—  nature  of,  IL,  77 

—  packing,  IL,  107-108 

—  Parker’s,  II.,  85 

—  parian,  II.,  117 

— ;  Passow’s  slag,  II.,  84 

—  plaster,  IL,  113-117,  118 

—  Portland,  IL,  109,  112;  see  Portland 

cement 

—  ponilly,  IL,  86 

—  puzzuolanic,  IL,  83,  85 

—  rock,  IL,  86 

—  Roman,  II.,  85 

—  rosendale  Portland,  IL,  86,  87 

—  sand,  IL,  113 

—  Scott’s  selenitic,  IL,  83 


Cement,  semi-wet,  II.,  89 

—  setting  of,  IL,  no 

—  setting  time  of,  IL,  105,  106,  122, 

123 

—  sidero,  IL,  112 
— -  slag,  II.,  83-85 

—  Snelus,  IL,  85 

—  Sorel,  IL,  130,  4^5 

—  soundness  of,  II.,  124 

—  specific  gravity  determination,  II.,  120 

—  storing,  IL,  107-108 

—  super,  IL,  112,  119 

—  tensile  strength  of,  IL,  121 

—  Vassy,  II.,  86 

—  wet  process  for,  II.,  88 

—  white  Portland,  II.,  1 1 2 
Cementkote,  II.,  118 
Cementing  powder,  L,  481 
Centrifugal  acid  pumps,  I.,  232 

—  mills,  II.,  414 

Centrifugation,  dust  removal  by,  I.,  220 
Ceramic  industry,  II.,  151-227 
Cerebros  salt,  I.,  268 
Ceresit,  II.,  118 

Ceria,  catalytic,  I.,  449,  471 ;  II.,  320 

—  separation  of,  II.,  300*302,  319 
Cerium,  IL,  291  et  seg. 

—  catalytic,  L,  471  ;  II.,  320 

—  estimation  of,  IL,  321 

—  industry,  II.,  291 

—  removal  from  thorium,  II.,  300-302 

—  test  for,  IL,  303 

—  uses  of,  316-321 
Cerium  carbide,  II.,  319 
- filaments,  II.,  366 

—  earth  metals,  uses,  II.,  320 

—  fluoride,  IL,  318 

—  iron  alloys,  IL,  316,  372 

—  nitrate,  uses,  II.,  319 

—  nitride  filaments,  IL,  366 

—  oxalates,  solubility  of,  11.,  301 

—  oxide,  effect  on  luminosity  of  mantles, 

II*,  303,  304 .  . 

—  sulphate,  solubility  of,  II.,  301 

—  titanofluoride,  IL,  318-319 
Cerite,  II.,  316,  369 

Cerous  compounds,  use  in  dyeing,  II., 
320 

Cesspools,  I.,  186,  187 
Ceylon  monazite,  li.,  293 
Chabazite,  II.,  59 
Chalcedony,  imitation,  I.,  349 
Chalk,  II.,  78,  414 

—  in  clay,  II.,  202 

—  use  as  abrasive,  II.,  419 
Chamber  acid,  I.,  223,  235,  248 
- oxides  of  nitrogen  in,  I.,  235 
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Chamber  acid,  sulphuric  acid  process,  L, 
2065  222  et  seq. 

- chemical  control  of,  L,  235 

- remarks  on,  I.,  224 

Chambers,  Brown  tower,  L,  226 

—  construction  of,  I.,  225  ei  seq. 

—  corrosion  of,  L,  225,  230 

—  Falding’s,  I.,  227 

—  intensive  working  of,  I.,  224,  226 

—  life  of,  I.,  225 

—  Moritz,  L,  226 

—  replacement  of  steam  jets  by  water 

sprays  in,  L,  233 

Chamois  leather,  polishing  by,  II.,  420 
Champleve  enamel,  IL,  278 
Champagne  bottle  glass,  IL,  242,  243 
Chance-Claus  process,  L,  204,  210,  298, 
461 

Charcoal,  L,  16,  17 

—  decolorising,  L,  491 

—  properties  of,  L,  18 

•—  temperature  of  ignition,  I.,  44 
Chaux  de  Theil,  IL,  82 
Chemical  reactions,  effect  of  pressure  on, 
I-j  364 

Chemical  stoneware,  II.,  195-196 

Chest,  IL,  415 

Cheshire  salt,  L,  263 

Chile  nitrate  beds,  I.,  431,  432,  433 

—  saltpetre,  L,  210,  431  ef  seq. 

- iodine  in,  L,  407 

- nitric  add  from,  I.,  437 

Chimneys,  glass  for,  IL,  265 
China,  bone,  IL,  185,  187 

—  English,  IL,  185,  187 

—  clays,  IL,  145,  160,  r66,  183 
- aluminium  sulphate  from,  II.,  54 

—  stone,  IL,  184 

—  ware,  IL,  153 
Chinese  porcelain,  II.,  186 
Chinosol,  germicidal  value  of,  II.,  2 
Chloramine,  IL,  8 

Chlorates,  L,  385-388 

—  current  for,  I.,  388 

—  old  process  for,  L,  385,  286 

—  statistics,  L,  359,  360 

—  use  in  glass  making,  IL,  248 
Chloride  of  lime— see  Bleachim  powder 
Chlorine,  I.,  359-383 

—  action  on  iron,  L,  381 

—  amount  evolved  by  electric  current, 

367,  37o>  374 

—  available,  L,  391,  392,  396 

—  dismfecting  properties  of,  IL,  3,  8-9 

—  estimation  of,  L,  194  # 

—  from  magnesium  chloride,  L,  365, 

366 


Chlorine  in  water,  I.,  159,  160,  173 

—  liquid,  L,  381-383 

—  poisoning  by,  I.,  393,  394 

—  production  of,  by  diaphragm  process, 

I-,  369 

—  properties  of,  I.,  379 

—  removal  of,  I.,  168,  259,  393,  396 

—  stills  for,  I.,  360,  361,  363  \  IL,  9 

—  test  for  free,  IL,  9 

—  uses  of,  L,  381 

—  water,  germicidal  value,  II.,  3 

—  water,  purification  of,  L,  167,  168 

—  weight  liberated  by  electric  current, 

I-.  367. 370. 374 

—  yield  of  per  H.P.  by  electrolysis,  I., 
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Chloroform,  IL,  6 
Chloros,  IL,  9 

Chlorosulphonic  acid,  I.,  424 
Chromate,  potassium,  L,  339 
Chrome  alum,  IL,  56 
- injurious  amount  of  water,  L,  192 

—  aventurine  glass,  IL,  269 

Chromic  acid,  disinfecting  properties  of, 
II.,  12 

—  oxide,  colouring  with,  IL,  164,  165 
Chromite  bricks,  IL,  233 
Chromium  alloys,  IL,  70 

—  colouring  glass  by,  11.^  269 

—  filaments,  IL,  366 

—  metallic,  IL,  68-69 
steel,  II.,  69 

—  oxide,  catalytic,  L,  240 
Chrysoberyl,  II.,  63 

Chrysotile  asbestos,  IL,  282,  283,  284 

Cigar  lighters,  IL,  316-319,  372 

Ciment  grapier,  II.,  82 

Cisterns,  cements  for,  IL,  136 

Citric  acid,  IL,  5 

Clarax,  I.,  426 

Clark’s  mill,  IL,  89,  90 

Claude  process,  L,  84,  85,  89,  113 

- advantages  of,  I.,  91 

- nitrogen  plant,  I.,  96,  479 

- oxygen  plant,  L,  96 

Claus  kiln,  I.,  210 

—  sulphuretted  hydrogen  furnace,  I.,  210, 

220 

Clay,  IL,  1 39-1 50  ;  see  also  Kaolin  and 
China  clay 

—  absorption  of  dyes  by,  IL,  140 

—  action  of  heat  on,  II.,  140 

—  adobe,  IL,  144 

—  alluvial,  IL,  144 

—  alum  for,  IL,  54,  55 

—  analysis  of,  IL,  149,  150 

ball,  IL,  144,  1^9,  i5o,  r66,  194 
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Clay,  boulder,  II.,  145 
■—  brick,  11.,  145,  201 
— ■  blue,  11.5  159 

—  buff-burning,  II.,  149,  160 

—  cement,  II.,  145 

—  chalk  in,  II,,  202 

—  chemical  constitution  of,  IL,  139-142 

—  China,  IL,  54,  145,  160,  166,  183 

—  connection  between  composition  and 

refractory  properties,  IL,  230,  231 

—  consistency  of,  II.,  168 

—  crucible,  II.,  146 

—  earthenware,  IL,  159 

—  effect  of  heat  on,  IL,  t6o 

—  electrical  osmose  of,  IL,  143 
expression  of,  IL,  208 

—  fire,  II.,  146 

—  flux  for,  IL,  143 

—  fusing  point  of,  IL,  231 

—  impurities  in,  IL,  143 

—  jolleying,  IL,  171 

—  literature,  IL,  139 

—  melting  point  of,  IL,  230,  23 r 

—  moulding,  IL,  170,  206 

—  pipe,  IL,  147 

—  plasticity  of,  IL,  142,  169 

—  puddling  of,  IL,  147 

—  purification  of,  IL,  143 

—  quarrying  of,  IL,  203 

—  red-burning,  IL,  147,  160 

—  refractory,  IL,  147,  230 

—  resistance  to  heat,  IL,  229,  230 

—  sagger,  IL,  147 

—  shaping  of,  IL,  169-174 

—  shrinkage  of,  IL,  142,  144 
softening  points  of,  II.,  230,  231 

—  stiff-plastic  process,  IL,  208 

—  surface,  II.,  148 

—  tempering  of,  IL,  205 

—  tender,  IL,  148 

—  throwing,  IL,  170 

—  turning,  IL,  170 

—  varieties  of,  IL,  144-149 

—  vitrifiable,  IL,  149 

—  washing  of,  II.,  203,  204 

—  wire-cut  process,  IL,  208 
*—  yellow,  11.,  149 
Clerite,  II.,  369 

Clinker  blocks,  IL,  130 

—  cement,  IL,  105 
Cioisonnd  enamel,  IL,  278 
Clover,  nitrogen  fixation  by,  I.,  428 
Coal,  I.,  5-16 

—  action  on  water,  L,  iii,  124 
— .  ash  of,  L,  7 

—  calorific  intensity  of,  L,  1 1 
- power  of,  L,  8,  10 


Coal,  chemical  constitution  of,  L,  6 

—  classification  of,  I.,  6 

—  cleaning  of,  I.,  12-16 

—  coking  test  for,  L,  to 

—  for  firing  earthenware  ovens,  IL,  177 

—  ignition  temperature  of,  L,  44 

—  impurities  in,  L,  7 
™  Nigerian,  L,  21 

—  nitrogen,  content  of,  L,  453 
■ —  small,  L,  7 

—  spontaneous  combustion  of,  L,  19 

—  temperatures  attainable  by,  L,  46 

—  valuation  of,  L,  7,  it 

—  varieties  of,  L,  5-6 

—  washing  of,  L,  1 2 

—  water  evaporating  power,  L,  45 
»—  dust  burners,  L,  9,  42  ;  IL,  102 

—  —  furnaces,  L,  9 

—  gas,  ammonia  from,  L,  454 

—  —  ferrocyanidc  from,  L,  491-493 

—  —  hydrocyanic  acid  in,  L,  492 

- sulphocyanide  recovery  from,  L, 

494,  495 

—  tar  disinfecting  liquids,  IL,  4 
Coalite,  L,  19 

Cobalt,  colouring  glass  by,  IL,  269 
— »  oxide,  IL,  189 
- - blueing  with,  IL,  160,  164 

—  —  colouring  with,  IL,  164,  269 

—  sulphate,  catalytic,  L,  240 
Coffee-mill  grinding  machine,  IL,  86,  92 
Cogswes  cooler,  L,  307 

Coke,  L,  18,  19,  52 
ammonia  from,  L,  454 

—  sulphur  removal  from,  L,  19 

—  water  evaporative  power,  L,  45 

—  oven  gas,  ammonium  sulphate  from, 

I.,  462 

—  ovens,  L,  41,  51 

—  —  by-product  recovery,  L,  55 
Coking  coals,  L,  6 

—  test  for  coal,  L,  10 
Cold,  artificial,  uses  of,  L,  77 

—  drying  gas  by,  L,  77 

■ —  by  evaporation  of  volatile  liquids,  L, 
80 

—  by  expansion  of  gases,  L,  84 

—  air  machines,  L,  Si 
Cole’s  arctic  machine,  L,  81 
Colemanite,  L,  355,  356,  357 
Collodionising  of  gas  mantles,  IL,  31 1-313 
Colloidal  theory  of  clays,  IL,  142,  143 

—  tungsten  filament,  IL,  359 
Colour  mill,  IL,  i8i 
Coloured  glass,  IL,  251,  270 
Colours,  earthenware,  II.,  163-165 

—  enamel,  IL,  278 
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Colours,  glazing,  IL,  188-189 

—  porcelain,  II.,  188-189 

—  uranium,  II.,  373 
Columbite,  II,,  337,  338,  369 
Combustion,  air  required  for,  I.,  46 

—  chemistry  and  physics  of,  I.,  44 
Common  bricks,  IL,  199 

—  salt,  L,  268 
Compo,  II.,  98 
Composite  glaze,  II.,  195 
Compound  mills,  II.,  97,  98 
Compressing  engines,  I.,  320 
Compression  machines  for  ice-making,  I., 

77 

Concentrated  ammonia  water,  I.,  463 

—  crystal  soda,  I.,  328 

—  oil  of  vitriol,  L,  248 
Concrete,  II.,  117,  118,  129 

—  armoured,  IL,  118 

—  reinforced,  IL,  118 

—  waterproohng  of,  II.,  118,  119 
Condy's  fluid,  IL,  7, 

Conferroid  growth,  L,  168 

Contact  process  for  sulphuric  acid,  I., 
206,  239-246 

—  substances,  I.,  363 ;  see  Catalysts 
Continuous  kilns,  IL,  217 

Cooker,  continuous,  IL,  35 
Coolers,  cement,  IL,  102,  103 

—  ^Cogswes,  I,,  307 

—  Mosser,  II.,  103 

—  shaking,  II,,  103 

—  Smidth,  IL,  102 

Cooling  by  gaseous  expansion,  I.,  80,  84 
Copp6e  ammonium  sulphate  plant,  I., 
460,  463,  464 

—  oven,  L,  51,  52 
Copper,  alloys,  II.,  70 

disinfecting  properties  of,  II.,  14 
— r  castings,  titanium  in,  II.,  327 

—  ores,  L,  214 

—  oxide,  IL,  189,  269 

—  phosphide,  ll.,  426 
^  pyrites,  L,  206,  217 

ruby  glass,  II.,  267,  268 

—  salts,  antiseptic  properties  of,  II.,  14, 

17 

—  sulphate,  germicidal  value  of,  II.,  3, 

14,  17 

—  —  use  as  insecticide,  II,,  17 
- water  purification  by,  I.,  168 

—  titanium  alloys,  II.,  327 

—  vanadium  alloys,  II.,  381 
Coprolites,  IL,  21,  23 
Corichrome,  II.,  328 

Cornish  stone,  IL,  157,  161,  166,  184 
Cornu-Chatelier  pyrometer,  L,  69 


Cornwall  mines,  II.,  389 

—  pitchblende  deposits,  IL,  370 
Corrosion  of  boilers  by  oils,  L,  174,  175 

—  of  lead  chambers,  I.,  225,  230 
Corrosive  sublimate,  II.,  18 
Corundum,  IL,  52,  63,  64,  418-419 

—  wheels,  IL,  415 

Cotton,  use  in  incandescent  mantles,  IL, 

304*305  . 

Cottrel  electrical  dust  remover,  I.,  220 
Coudres  de  Varech,  I.,  408 
Coulomb,  amount  of  chemical  product 
liberated  by,  L,  367,  368 

—  definition  of,  L,  367 
Counter-current  principle,  L,  229,  313, 

314 

Crackers,  IL,  86 
Crackled  ware,  IL,  189 
Crazing,  IL,  189 
Crenothrix,  I.,  168 

Cresylic  acid,  germicidal  value  of,  IL,  3 

—  —  uses  as  disinfectant,  II.,  4 
Critical  temperature,  I.,  84 
Crocodolite  asbestos,  II.,  282 
Crocus  martis,  II.,  164 
Crops,  rotation  of,  I.,  428 

Crown  glass,  IL,  250,  251,  252,  260 
Crucible  cements,  II.,  135 

—  clays,  IL,  146 

—  furnaces,  I.,  40,  61,  62 
lutes,  IL,  135 

Crucibles,  manufacture  of,  II.,  232 

—  refractory,  II.,  333,  405 
Crushed  steel,  use  as  abrasive,  II.,  419 
Crusher,  Blake-Marsden,  II.,  92 

—  gyratory,  II.,  92,  93 

—  rotary,  IL,  86,  92 

—  Wheeling,  forced  feed,  II,,  92 
Crushing  machinery,  II.,  24,  92,  93 

—  rolls,  II.,  414 

—  strength  of  cement,  II.,  122 

—  tools,  II.,  414 
Cryolite,  IL,  51,  55,  165 

—  in  enamels,  IL,  278 

—  in  glass  making,  II.,  250,  269 
Crystal  carbonate,  I.,  327 

—  glass,  IL,  253 
Crystalline  glazes,  II.,  189 
Crystallisation,  connection  between  and 

molecular  weight,  II.,  236 

—  of  salt,  L,  268 
Crystolon,  IL,  403,  418 
Culinary  stoneware,  II.,  195 
Gullet,  IL|  250 

Cummer  rotary  caldner,  II.,  115 
Cup  making  machine,  II.,  172 
Cupolas,  I.,  40 
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Cuprammonium  cellulose  for  incandescent 
mantles,  IL,  304 

Cupric  chloride,  use  as  contact  substance, 

I-.  363 

—  oxide,  colouring  with,  IL,  164 

—  sulphate,  use  as  contact  substance,  I., 

363 

Cuprous  chloride,  disinfecting  properties 
of,  IL,  14 

—  iodide,  L,  408,  410,  41 1 
Cupro- vanadium,  11.,  381 
Curie,  definition  of,  II.,  395 
Curie-Debierne  process  of  radium  extrac¬ 
tion,  IL,  389 

Cutting  tools,  IL,  414 
Cyanamide,  IL,  41 1 
— •  ammonia  from,  L,  472 

•  calcium,  L,  107,  429,  475-481,  490 ; 

IL,  37,  38 ;  see  also  under  Calcium 
cyanamide 

—  cyanide  from,  L,  491 

—  furnace,  L,  476 
industry  of,  L,  475-481 

' —  literature,  IL,  399 

*  urea  from,  L,  480 
Cyanide,  I.,  429 

—  Beilby  process  for,  L,  485 

—  Erlenmeyer  process  for,  I.,  484 

—  from  atmospheric  nitrogen,  I.,  490-491 

—  from  calcium  cyanamide,  I.,  480,  490, 

491 

—  from  ferrocyanide,  L,  480 
— ■  from  Schlempe,  L,  488-489 

—  from  sulphowanides,  487-488 

—  induib^  of,  L,  483-495 

—  iodine,  IL,  6 

Cyanide,  polmsium,  I.,  483  j  tee  also 

Faimsium 

—  Sie]^ermann%  process  for,  I.,  485 

—  sodium — ^see  ^dium  gianide 

—  statistics,  I.,  483 

Cylinders,  liquid  chlorine,  I.,  382,  383 
— •  hydrochloric  acid,  I.,  2 78 
Cymophane,  IL,  63 


D 

Dairies,  water  for,  L,  r8^ 

Dakin^s  hypochlorite  disinfectant,  I.,  402 
Davidsen  tube  mill,  IL,  96 
De  lAmbilly^s  process,  L,  471 
Deacon^s  apparatus  for  bWching  powder, 

I-.  395 

Dmcon  chlorine,  bleaching  powder  from, 

I-.  395 

DMcon  chlorine  process,  I.,  362,  363-365 


Dead  Sea,  bromine  in,  L,  403 

- - composition  of,  L,  262,  263 

Death  Valley,  L,  356 

Decolorants  for  glass,  IL,  250 

Decolorisalion  of  sulphuric  acid,  L,  246 

Decoration  of  earthenware,  IL,  179 

Delft  ware,  IL,  157 

Deliming  skins,  L,  419 

Della  ware,  IL,  157 

Dellwik-Fleischer  water-gas  producer,  I., 
125  ^ 

Demantoid,  IL,  63 
Denitrification,  L,  429 
Denitrifying  bacteria,  L,  427,  428,  429 
Dens,  superphosphate,  II.,  30,  31 
Dental  cements,  IL,  137 
Dentifrices,  L,  423 ;  IL,  419 
Deplinne  and  Donop’s  kiln,  IL,  79 
Descloizite,  11.,  375,  377 
Desmids,  L,  168 
Devil  liquor,  L,  459 

Devitrification  of  glass,  II.,  236,  240,  243, 
Diabetes,  radium  treatment  of,  11,,  396- 
397 

Dials,  luminous  watch,  IL,  397 
Diamantin,  IL,  406 
Diamonds,  IL,  63,  64 

—  artificial,  IL,  64 

—  imitation,  IL,  65,  265 

—  powder  of,  IL,  414 

—  use  as  abrasive,  IL,  418 
Diaphragm  process  of  electrolysis,  L,  368- 

373 

Diaphragms,  porous,  L,  114,  115,  368, 

37«>i  Zlh  S7h  4x9 
Diastase,  IL,  7 
Diatoms,  L,  168 
Diazotisation,  I.,  436 
Dibdin^s  contact  bMs,  I.,  187,  189 
Dicyandiamide,  L,  480 
Didymium,  effect  on  incandescent  mantles, 
IL,  300 

—  test  for,  IL,  303 

—  uses  of,  IL,  316 

Didymium  nitrate,  use  for  branding,  II,, 

309 

Dies  for  tungsten  ware,  II.,  361 
Dietzsch  kiln,  IL,  79,  104 
Dioxogen,  IL,  7 
DippeFs  animal  oil,  IL,  423 
Disinfectants,  L,  422,  423;  IL,  1-16 
— '  hydrofluoric  acid  as,  L,  419 

—  hyp^hlorites  as,  L,  402 

—  oxidising,  IL,  6 

—  percarbonates,  L,  426 
— ^  testing  of,  IL,  1-3 

—  use  of  bleaching  powder  as,  L,  396 
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Disintegration  constant,  IL,  386 

—  series,  IL,  386 
Disintegrators,  IL,  26,  27,  93,  414 
Dissolved  bone  compound,  IL,  32 

—  guanos,  II.,  42 

—  raw  bones,  II.,  32 

Distillation  of  ammonia,  I.,  312,  3 13-3 17 

—  of  water,  I.,  166 

Dolomitic  lime,  analyses  of,  ii,  81 

—  limestone,  IL,  78 
Dome  kiln,  IL,  103 
Douglasite,  I,  329 

Doulton’s  nitric  acid  condensing  plant, 

I-.  439 

Down-draught  kiln,  II.,  215 
Dowson  gas,  composition  of,  I.,  123 

—  suction  gas  producer,  I.,  135 
Dragading,  IL,  249 

Dragon’s  blood,  use  in  polishes,  II,, 
421 

Drain-pipes,  IL,  196 
Draught  in  acid  plant,  L,  231 

—  pipes,  L,  220 
Driers,  IL,  83,  84 

—  brick,  II.,  212 

—  rotary,  II.,  34,  35,  92 

—  steam,  IL,  34 

—  tnnnel,  II.,  89,  99 
Drinking  water,  L,  159 

—  —  analysis  of,  I.,  193 

- purification  ofi  L,  166  ef  seq. 

Driwal,  II.,  118 
Drops,  Rupert,  IL,  243 
Drummond’s  light,  L,  117 
Dry  ammonia,  I.,  467 

—  soaps,  I.,  426 

Drying  earthenware,  IL,  173,  174 

—  machines  for  incandescent  mantle  webs, 

II*, 

—  plant  for  slag,  IL,  83,  84 

—  process  for  cement,  IL,  88,  89 

—  stoves,  IL,  173,  174 
Ducco  furnace,  I.,  213 
Duff  producers,  L,  129 
Dumesnil  kiln,  IL,  114 

Dung,  use  as  manure,  II.,  42,  43 
Durax  glass,  II.,  265 
Duriron,  I.,  236,  249 
Duron  tower  system,  I.,  239 
Dust  collectors,  IL,  107,  108 

—  firing,  I.,  42 

—  removal  by  filtration,  L,  220 

- from  hot  gas,  I.,  220 

Dwight-Lloyd  furnace,  L,  210,  216,  217 
Dyeing,  uranium,  II.,  373 

—  water  for,  I.,  182 
Dymal,  II.,  321 


E 

Earth,  brick,  IL,  145 

—  fullers,  II.,  146 
Earthenware,  II.,  152-153^ 

—  bodies,  IL,  165-169 

—  calcareous,  II.,  157 

—  cements  for  joining  metals  to,  IL,  137 
' —  classification  of,  II.,  157 

—  clays  for,  II.,  159 

—  coarse,  IL,  157 

—  constituents  of,  IL,  158 

—  decoration  of,  II.,  179 

—  drying,  II.,  173 

—  engobing,  II.,  172 

—  fine,  IL,  157 

—  furnaces  for,  IL,  177 

—  glazed,  IL,  157 

—  glazes  for,  IL,  178-179 

—  machines  for,  IL,  172 

—  mixing  materials  for,  IL,  166-167 

—  overglaze  decoration  of,  IL,  1 80 

—  painting  of,  IL,  179 
• —  printing  of,  IL,  179 
• —  progress  in,  IL,  18 1 

—  shrinkage  of,  IL,  174 

—  siliceous,  II.,  158 

—  underglaze  decoration  of,  II.,  180 
East  Africa,  pitchblende  deposits  of,  II., 

370 

Eau  de  Javel,  I.,  359 ;  IL,  9 

- Labarraque,  II.,  9 

Edge-runners,  II.,  88,  89,  107,  204,  2©5, 
414 

.  Efficiencies  of  electrolytic  processes,  L,  373 
Effluents,  L,  183  et  seg. 

—  acid  treatment  of,  L,  184,  185 

—  for  wool  washing,  L,  183,  184,  185 

—  limiting  amounts  of  poisonous  sub¬ 

stances  in,  L,  192 
Eggette  briquette,  I.,  24 
Eggs,  acid,  L,  233,  277,  278 
Eisen  Portland  cement,  II.,  85 
Electric  lamps,  II.,  351-367 

- carbon  filament,  IL,  351-355 

- literature,  IL,  351,  366,  367 

- production  of  vacuum  for,  IL,  427 

Electrical  discharges,  absorption  of  N 
by,  L,  427 

- dust  removal  by,  I.,  220 

- ozone  by,  I.,  146 

—  energy  for  electrolysis,  L,  368 

—  furnace,  alundum,  IL,  406,  407 

- carbide,  IL,  409-41 1 

- glass,  IL,  255 

- graphite,  II.,  404-406 

- ^  phosphorus,  II.,  424 
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Electrical  discharges,  production  of,  II., 

399-41 1 

- temperature  of,  II.,  41 1 

Electrical  purification  of  clays,  II.,  143 
Electricity,  destruction  of  bacteria  by,  I., 

158 

Electrite,  IL,  419 

Electro-magnetic  separation,  II.,  168,  295, 
296 

Electro-osmosis,  I.,  4 
Electro-smelting,  use  of  graphite  electrodes 
in,  L,  406 

Electrodes,  arc-light,  II.,  320 

—  graphite,  II.,  405,  406 

—  graphitised,  II.,  405,  406 

—  tantalum,  II.,  341 
Electrolysis,  chlorine  by,  I.,  367,  379 

—  diaphragm  process  for,  I.,  368-373 

—  hydrogen  for,  I.,  114 

—  graphite  electrodes  for,  IL,  406 

—  laws  of,  L,  367,  368 

—  of  alkali  chlorides,  I.,  368 

—  of  salt,  I.,  367  et  seq, 

—  quicksilver  process  for,  I.,  374,  375 
Electrolytic  alkali  process,  efficiencies  of, 

L,  373 

—  bleaching,  I.,  359,  396,  402 

—  bromine,  I.,  405 

—  caustic  soda,  I.,  289 

Electrolytic  cells ^  Acker  process  for,  I.,  377 

- Bell  process,  I.,  375,  377 

- Gall  and  Montlaux,  I.,  387 

- Gibbs,  L,  387 

- Lederkin-Corbin,  I.,  387,  388 

- porous  diaphragms  for,  L,  368,  370, 

371,  372,  419 

Electrolytic  chlorates,  I.,  385,  386,  387, 
388 

—  chlorine,  I.,  367-379 

- water  purification  by,  I.,  167,  168 

—  iodine,  I.,  408 

—  perchlorates,  I.,  388,  389 
Elements,  decomposition  of,  II.,  384,  385 
Embossing  glass,  IL,  262 

Emerald,  II.,  63 

Emery,  IL,  52,  414,  415,  418-419 

—  cloth,  II.,  417,  418,  419 

—  paper,  II.,  417,  418,  419 

—  wheels,  IL,  413-42 1 
Emulsators — see  Emulseurs 
Emulseurs,  L,  233,  278 
Enamel  cements,  IL,  136 

—  glaze,  II.,  136 

. —  ware,  dangers  from,  IL,  276 
Enamelling  industry,  I.,  419 
Enamels,  II.,  165,  275-279 

—  art,  II.,  278 
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Enamels,  colours  for,  IL,  276,  278 

—  composition  of,  II.,  277,  278,  279 

—  ground  coats  for,  II.,  275 

—  painting,  II.,  279 

—  printing  of,  II.,  279 

—  varieties  of,  II.,  275 

—  zirconia  in,  II.,  334 
Encaustic  tiles,  IL,  225 
Engelhardt,  I.,  3 
English  china,  II.,  185,  187 
— '  sheet  glass,  II.,  242 

—  vanadium  deposits,  II.,  377 
Engobe,  IL,  158,  159 
Epsom  salts,  I.,  139,  14 1 
Equalised  guanos,  II.,  42 
Erlenmeyer's  process  for  cyanides,  I.,  484 
Eschelmann’s  process,  I.,  245 

Essen  tank,  I.,  186 
Estrich  gips,  IL,  116 
Etching  glass,  IL,  262 
Ethane,  I.,  103 

—  ignition  temperature  of,  I.,  45 
Ethylene,  properties  of,  I.,  103 

—  temperature  of  ignition,  I.,  45 
Ethylene  diamine  silver  phosphate,  II.,  16 
Eucalyptol,  germicidal  value  of,  IL,  3 
Eucalyptus,  use  as  disinfectant,  II.,  5 
Euxenite,  IL,  370 

Evaporation  of  black  ash  liquors,  I.,  299 

—  of  caustic  alkalis,  I.,  378,  379 
Evaporative  power  of  fuel,  I.,  45 
Evaporator,  Thelen,  I.,  294 

—  vacuum,  L,  269 

Excess  lime  process  for  water,  I.,  167 
Exit  gases  from  acid  plant,  I.,  235,  238 

- ammonium  sulphate  plant,  I.,  459 

Expansion  test  for  Portland  cement,  IL, 
124 

Expression  of  earthenware,  II.,  172 
External  work  of  gases,  refrigerating  effect, 
I.,  85 


F 

Facing  bricks,  II.,  199 
Faeces,  use  as  manure,  II.,  42,  43 
Fahnejelm’s  kiln,  II.,  80 
Faience,  IL,  153,  157 
Faija  test,  IL,  124 
Falding  chamber,  I.,  227 
Fans  for  acid  gases,  I.,  231 

—  instead  of  chimneys,  II.,  216,  221 
Faraday’s  laws  of  electrolysis,  I.,  367 
Farmyard  manure,  II.,  43 . 

Fats,  hydrogenation  of,  I.,  no,  118 

—  manufacture  from  flesh  meal,  IL,  34 
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Fats,  recovery  from  effluents,  L,  183-185 

- sewage,  I.,  1 9 1 

Fawcett’s  brick  machine,  II.,  210 
Feed  water  for  boilers,  L,  172 
Feld  sulphur  process,  I.,  205 
Feldmann’s  ammonia  still,  L,  457 
Felite,  IL,  no-iii,  125 
Felspar,  IL,  161,  184,  191 

—  use  in  opaque  glass,  II,,  269 

—  weathering  of,  II.,  59 
Ferberite,  IL,  343*344 
Fergusonite,  IL,  337,  338,  370 
Ferric  ferro  cyanide,  I.,  494 

—  oxide,  catalytic,  I.,  240,  244,  245 
- estimation  of,  IL,  119 

—  cyanide,  potassium,  I.,  493 
Ferrite,  sodium,  I.,  296 ;  II.,  50 
Ferrites,  IL,  109 
Ferro-boron,  II.,  70 

—  chlore  treatment  of  water,  IL,  8,  9 

—  cyanide,  L,  487,  491*493 

—  cyanides  from,  I.,  483?  484-485 

—  from  coal-gas,  I.,  491-493,  495 
Ferrodur,  I.,  481 

Ferro  molybdenum,  II.,  70 

—  nickel,  IL,  352 

—  silicon,  L,  220,  221,  236  \  IL,  407-408 
- acid  resisting,  I.,  249 

- dangers  of,  II.,  409 

- hydrogen  from^  I.,  116,  117 

- literature,  II.,  399 

- properties,  II.,  409 

- statistics,  II.,  409 

- storage  of,  II.,  409 

- uses  of,  II.,  409 

Ferrous  sulphate,  disinfecting  properties 
of,  IL,  16 

Ferro-tantalum,  IL,  341 

—  titanium,  II.,  70,  325-327 

—  tungsten,  IL,  347 

—  uranium,  IL,  372 

—  vanadium,  II.,  70,  380 

—  zirconium,  II-,  333,  335 
Fertiliser  Act,  II.,  43 
Fertilisers,  limits  of  error,  II.,  44 

—  plant  for,"  II.,  22 

—  statistics,  IL,  47 

F^ry  radiation  pyrometer,  I.,  69,  jo,  ji, 
73 

—  spiral  pyrometer,  I.,  71 
Fibrous  plaster,  II.,  118 
Figured  plate  glass,  II.,  261 
Filament  lamps,  IL,  351,  366,  367 
Filaments,  carbon,  II.,  353*355 

—  metallic,  II.,  355 

—  miscellaneous,  II.,  366 

—  zirconia,  IL,  304 


Filter  press,  for  slips,  IL,  168 
Filters,  asbestos,  IL,  284 

—  bicarbonate  of  soda,  I.,  310,  311 

—  gas,  L,  212 

—  house,  I.,  161 

—  iron  removing,  I.,  181 

—  mechanical,  L,  162  et  seq, ;  310,  31 1 

—  permutite,  L,  179,  180 

—  pressure,  I.,  166 

—  Reiserfs,  L,  162 

—  revolving  cylinder  type,  I.,  310 

—  Royle’s  gravity,  I.,  164 
- pressure,  I.,  165 

—  sewage,  I.,  188,  189,  190 

—  trickling,  for  sewage,  I.,  189 
Filtration,  avoidance  by  sedimentation,  I., 

306 

—  sand,  L,  16 1 

—  water,.  L,  16 1  ef  seq, 

Findling  quartzite,  II.,  233 
Finishing  earthenware,  IL,  172 
Findlay  cell,  I.,  372,  373 
Firearms,  tungsten  in,  IL,  349 
Fire-bricks,  IL,  231,  234,  403,  406;  see 

also  Fire-clay^  bricks^  etc. 

—  clay,  IL,  146,  230 

—  lighters,  I.,  17  \  see  Cigar  lighters 

—  places,  domestic,  I.,  39 

—  proof,  asbestos  preparations,  IL,  284 
- by  tungsten  salts,  II.,  349 

—  —  cloth,  II.,  133 

- n.,  57 

—  sand,  II.,  401 
Firestones,  II.,  316-319 
Firing  earthenware,  II.,  177 
Fireworks,  I.,  354 

Fish,  destruction  by  effluents,  L,  192 

—  oxygen  necessary  for  life,  I.,  192 

—  guanos,  II.,  34,  36 

—  manures,  II.,  34 

—  scrap,  II.,  34 
Fishing  salt,  I.,  268 

Fitzgerald  carborundum  furnace,  II.,  401 
Fixation  of  nitrogen — see  Nitrogen^  fixa¬ 
tion  of 

Fixed  ammonium  salts,  I.,  456,  457 
Flare  kiln,  II.,  79 
Flash-light  powders,  II.,  315 
Flashing  carbon  filaments,  II.,  354 
Fleck’s  phosphorus  process,  II.,  423 
Flesh  meal,  II.,  34 
Flint,  II.,  163,  166 

—  glass,  IL,  242,  243,  251,  253 

—  packing,  I.,  231 
Flooring  asbestos,  II.,  284 

—  blocks,  II.,  227 

—  composition,  I.,  366 ;  IL,  128 


SUBJECT  INDEX  45 1 


Flooring  plasters,  II.,  113,  116,  348 
Flowing  glass,  II.,  190 
Fluates,  IL,  119 

Fluorides,  calcium,  L,  413,  415 ;  II*,  51 

—  ammonium,  I.,  417 

—  disinfecting  properties  of,  IL,  ii 
Fluorine  in  enamels,  IL,  278 
Fluorspar,  L,  415;  II.,  165,  269 
Flue  gas,  I.,  44,  47 

Flues,  L,  220 

Fluted  sheet  glass,  IL,  260 
Flux  for  clays,  IL,  143 

—  for  earthenware,  IL,  160-163 
Ford’s  silicate  of  lime  stone,  II.,  130 
Fog,  L,  158 

Formaldehyde,  disinfecting  properties,  II., 
3^  5) 

F ormalin  see  Formaldehyde 
Formates,  L,  114 

Formic  acid,  disinfecting  properties,  II., 
3>  5 

Foster  superheater,  L,  50 
Foucault’s  sheet -glass  machine,  IL,  259 
Frasch  furnace,  L,  213 

—  sulphur  process,  L,  202 
Fray-Bentos  guano,  IL,  34 
Freezing  mixtures,  L,  279 

Freiburg  process  for  sulphur  trioxide,  I., 

245 

French  polish,  IL,  421 
Frits,  IL,  178,  186 
Fritting,  IL,  178 
Fritz,  IL,  162 
Frosting  glass,  IL,  262 
Fmus  mcqphyl  nodosum^  I.,  407 
— L,  407 

—  palmatus^  L,  407 

—  serratus,  L,  407 

—  vesicuiosus^  L,  407 
Fuels,  I.,  X  ei  seg. 

—  available  heat  of,  L,  45 

—  calorific  intensity  of,  I.,  46 

- -  power  of,  L,  10 

—  classification  of,  L,  i 

—  conditions  for  best  combustion,  L,  37, 

39 

—  evaporative  power  of,  L,  45,  46 

—  for  pottery  ovens,  IL,  177 

—  highest  temperatures  of,  I.,  45,  46 
"  — '  ignition  temperatures  of,  L,  34 

— .  liquid,  L,  2$  ei  se^, 

—  utilisation  of,  L,  29 

— .  wsste  with  hard  water,  I.,  173 

—  weathering  of,  L,  1 9 
Fuller  Lehigh  mill,  II.,  96 
Fuller's  earth,  IL,  146 

Fuming  sulphuric  acid,  L,  246,  247,  251 


Fungicides,  II.,  17-20 
Furnace  bricks,  IL,  200 

—  coals,  I.,  5 

—  linings,  IL,  146,  229-234,  333,  403 

—  gases,  L,  142,  321 

Furnaces,  L,  29  ei  ;  see  also  under 
Xi/rs,  Ca/dners,  Ovens,  Fireplaces 

—  air  required  by,  L,  46,  47 

—  Alby  carbide,  IL,  409-410 

—  alundum,  IL,  406,  407 

—  Birkeland-Eyde,  I.,  443,  444 

—  black  ash,  L,  291,  292 

—  blast,  L,  40,  4r 

—  brass,  L,  40 

—  Bueb’s  schlempe,  I.,  488,  489 

—  calcining  bicarbonate,  L,  318,  319,  320 

—  carbide,  IL,  409,  41 1 

—  carborundum,  IL,  400-402 
cements  for,  IL,  136 

—  conditions  for  best  combustion,  L,  37, 

39 

—  construction  of,  I.,  30 

—  crucible,  L,  40,  6x,  62 

—  Ducco,  1.,  213 

—  Dwight- Lloyd,  L,  210,  216,  2x7 

—  earthenware,  IL,  175-177 

—  electric,  II. ,  255,  360,  400-411,  424 

425 

—  flues  of,  L,  220 
Frisch’s,  L,  213 

—  ganister  linings  of,  IL,  234 

—  gas  fired,  L,  43 

—  glass,  IL,  254,  255 

—  Gorman’s,  L,  44 

—  Harris,  I*,  212,  2x3,  214,  216,  217 

■—  heating  by  surface  combustion,  L, 
61,  62 

—  Hegeler,  I.,  2x6 

—  Huntington-Heberlein,  L,  2x0,  2x6 

—  improvements  in,  IL,  181 

—  Keller,  IL,  408 

—  liquid  fuels,  L,  42 

—  Lurgi,  L,  2x3,  2x6 

—  Maletra,  L,  212 

—  Mathewson,  L,  217 

—  mechanical,  I.,  283,  284,  292 

—  Montz,  L,  213 

—  muffle,  L,  42,  281,  282 

—  O’Brien,  I.,  213 

—  oil,  L,  25,  42 

' —  open  roasting,  L,  283 

—  Pauling,  L,  443,  444 

—  Ponsard’s,  I.,  44 

—  pyrites,  L,  2 1 1  et  seq. 

—  Rathenau,  IL,  407 

—  Readman  and  Parker’s,  IL,  424 

—  retort,  L,  41 
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Furnaces,  reverberatory,  I.,  39,  40 

—  revolving  black  ash,  I.,  292 

—  Rhenania,  I.,  215,  216,  218 

—  Taylor’s,  for  CSg,  I.,  257,  258 

—  temperature  of,  II.,  177 

—  Thoma,  L,  213 

—  Tomblee  and  Pauli’s,  L,  219 
salt  cake,  L,  281-284 

—  Savelsberg,  I.,  216 

—  Scherfenberg,  L,  213 

—  Schonherr,  I.,  445 

—  Scott’s  electrical,  I.,  446 

—  Shippenbach,  L,  216 

—  silicon,  II.,  406,  407 

—  solid  fuels,  I.,  31 

—  steam  boiler,  I.,  31,  32,  33,  34,  35,  36, 

37.  38,  39 

—  water  tube  boiler,  L,  41 

—  Wedge,  L,  212,  215 
Furniture  polishes,  II.,  421 
Fused  electrolytic  process,  I.,  377 


G 

Gadohnite,  IL,  291,  316 

GaHlard  towers,  I.,  236 

Galena,  I.,  210,  214;  IL,  163 

GalFMontlaux  electrolytic  cell,  I,,  387 

Galloway  boiler,  I.,  3 1 

Galloway-Hill  smoke-preventing  furnace, 

I-.  33 

Ganister,  II.,  146,  232 

—  furnace  linings,  II.,  234 

Gan’s  permutite  process,  I.,  178-183 

—  zeolites,  II.,  59,  60 
Garnets,  IL,  63,  419 
Garuti-Pompili  apparatus,  I.,  115 
Gas,  ammonium  sulphate  from,  I.,  462 

—  blast  furnace,  I.,  136 

—  burner,  L,  221 

—  coals  for,  I.,  5 

—  coke-over^  I.,  54,  55 

—  ferrocyanide  from,  I.,  491-493 

—  filters  for,  L,  212,  237 

—  furnaces,  L,  43,  52 

—  lighters  for,  IL,  316,  317 
locking  of,  I.,  315 

—  producers,  I.,  40,  121 

—  retorts,  IL,  231 

—  water,  ammoniacal  liquor  from,  I.,  456 

—  —  composition  of,  L,  456 
Gases,  exit,  I.,  235,  238,  459,  460 

—  purification  of,  I.,  243 
Gauges,  glass  for,  II.,  265. 

Gay-Lussac  tower,  L,  221,  223,  227-229, 

231 


Gee’s  coal  washer,  I.,  16 

Geisler  pump,  II.,  353 

Gelis,  sulpho-cyanide  process,  I.,  495 

Gems,  II.,  63-65,  265-266 

Geneva  process  for  aerated  waters,  I.,  195 

Gerard  system,  I.,  149 

Gerbel-Strover  furnace,  II.,  406,  407 

Gercke,  I.,  4 

Germicidal  power,  II.,  i 

—  value,  II.,  I,  3 
Gerolstein  waters,  L,  198 
Geryk  pump,  II.,  353 
Geyserite,  II.,  163 

Gibb’s  electrolytic  cell,  I.,  387 
Gibbon  kiln,  II.,  103 
Gilded  glass,  IL,  270 
Gilding,  IL,  189 
Gill  kiln,  I.,  201 

—  steam  liquation  process,  I.,  201 
Ginger  beer,  I.,  199 

Glaserite,  I.,  330 
Glass,  IL,  235-274 

—  achromatic,  II.,  264 

—  actinic  ray,  opaque,  IL,  265 
- transparent,  II.,  265 

—  action  of  alkalis  on,  II.,  246 

—  action  of  superheated  water  on,  II.,  246 

—  alabaster,  IL,  269 

—  alumina  in,  II.,  250 

—  anastigmatic,  IL,  264 

—  annealing,  IL,  261 

—  arsenic,  II.,  250 

—  artificial  gems,  II.,  265-266 

—  Asch’s  theory  of,  II.,  236-241,  244 

—  atmospheric  influence  on,  II.,  246 
— -  aventurine,  IL,  267,  268,  269 

—  baryta,  II.,  253 

—  Bastie’s  hardening  process,  II.,  245-246 

—  bead,  II.,  252 

—  bending  of,  IL,  262 

—  black,  II.,  269 

—  blown,  II.,  251 

—  blowing,  II.,  256 

—  blue,  IL,  269 

—  Bohemian,  IL,  242,  243,  251 

—  boracic  acid  in,  II.,  249 

—  boroflint,  II.,  242,  249 

—  borophosphate,  II.,  250 

—  borosilicate,  II.,  251,  265 

—  bottle,  IL,  242,  243,  252 

—  bottle  green,  II.,  269 

—  bottle  machines,  IL,  257-258 

—  brittleness  of,  II.,  246 

—  brown,  II.,  253,  269 

—  carboys,  II.,  260 

—  casting  of,  IL,  260 

—  cements  for  joining  metals  to,  IL,  137 
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Glass,  cerium  in,  11. ,  320 

—  chemical,  II.,  265 

—  —  composition  of,  11. ,  236-241,  242 
- properties  of,  IL,  246 

—  chimneys,  IL,  265 

—  chrome  aventurine,  II. ,  269 

—  classification  of,  II. ,  251 

—  coloured,  IL,  251,  266-270,  349,  373, 

381 

—  crown,  IL,  250,  251,  253 

—  cryolite  in,  IL,  250 

—  cutting  of,  IL,  262 

—  decay  of,  IL,  266 

—  decolorants  for,  IL,  250 

—  defects  in,  IL,  260,  266 

—  density  of,  IL,  244 

—  devitrification  of,  1 1.,  243,  248 

—  electrical  insulating,  IL,  265 

—  embossing  of,  11. ,  262 

—  English  sheet,  IL,  242 

—  engraving  of,  IL,  262 

—  etching  of,  L,  417  j  II.,  262 

—  expansion  of,  IL,  245 

—  flashing  of,  IL,  267 

—  flint,  IL  242,  243,  249,  251,  253 

—  frosting  of,  IL,  262 

—  furnaces  for,  IL,  253,  254,  255 
^ — •  gerate,  IL,  265 

—  gilded,  IL,  270 
• —  green,  IL,  269 

—  grinding  of,  IL,  261,  262 

—  hardened,  IL,  245,  246,  262 

—  hollow  ware,  IL,  251 

—  homogeneity  of,  IL,  244 

—  insulating,  IL,  265 

—  iridescent,  IL,  262 

—  Jena,  IL,  242,  247^  249,  253,  265 
— •  laboratory,  IL,  242 

—  large  vessels  of,  IL,  260 

—  lead,  IL,  249,  251 
— ■  literature,  IL,  235 

— •  melting  point  of,  IL,  245 

—  milk,  L,  419;  IL,  51,  270 
— ■  miner^s  lamp,  IL,  253 

—  mirrors,  IL,  263 

—  mixing  materials  for,  IL,  252 
— •  mixture,  theory  of,  IL,  241 

—  nature  of,  IL,  235 
— ■  normal,  IL,  236 

—  opal,  II.,  269 

—  opaque,  IL,  250,  251,  266-270 

—  —  to  infra-red  rays,  IL,  244 

—  —  to  ultra-violet  rays,  II.,  244 
— '  —  white,  IL,  269,  270 

^ — •  optical,  IL,  263,  264 

—  —  properties  of,  IL,  244 

—  paper,  IL,  417,  418,  419 


Glass,  phosphate,  IL,  251 

—  photographic,  IL,  265 

—  pink,  IL,  269 

—  -  planed,  IL,  253 

plate,  IL,  242,  243,  251,  253,  260,  261 
--  pot-metal  colouring  of,  IL,  267 

—  pots  for,  IL,  232,  254,  255 
~  pressed,  IL,  242,  248,  261 

—  properties  of,  IL,  243 
quartz,  IL,  270-274 

—  raw  materials  for,  IL,  247 

—  recipe  for,  IL,  252 

—  red,  IL,  269 

—  refining,  IL,  253 

—  reinforced,  IL,  26 1 

—  resistance  to  atmosphere,  IL,  246,  247 

—  Sackurs’,  1 1.,  265 

— '  Saint  Gobin,  IL,  242 

—  sand  blast  for,  II.,  262 

—  seediness  of,  IL,  260 

—  sheet,  IL,  253,  258-259 

—  silica,  IL,  270-274 

—  silica-free,  II.,  251 

—  silver  stain,  II.,  269 

—  solid  solution  theory  of,  IL,  24% 
special,  IL,  265 

—  specific  heat  of,  IL,  245 
--  spun,  IL,  244 

—  stained,  IL,  267 
--  stones  in,  IL,  260 
~  strength  of,  IL,  245 
— >  striae  in,  IL,  260 

«  stringiness  of,  IL,  260 

—  steam  boiler  gauge,  IL,  265 

—  table,  II.,  242,  251 

—  tanks,  IL,  260 

—  thermal  endurance  of,  IL,  245 

—  thermometer,  I L,  265 
■—  Thuringen,  II.,  242,  247 

—  transparency  of,  IL,  244 

—  tubing,  IL,  253 

—  tumblers,  IL,  257 

—  typical  analysis  of,  II.,  242 

—  ultra-violet  light  transparent,  IL,  265 

—  uviol,  IL,  265 

—  Venetian,  IL,  242,  270 

—  violet,  IL,  269 
viscosity  of,  11.,  235,  240 

—  water,  IL,  251 

—  white,  IL,  243 

—  ~  opaque,  II.,  269,  270  ^ 

—  window,  II.,  247,  253 

—  working  of,  IL,  255-262 

—  X-ray  bulb,  IL,  253 

—  yellow,  IL,  269 

—  Zschimmeris  11.,  265 
Glassy  porcelain,  II.,  185 


454 


SUBJECT  INDEX 


Glauber  salt,  L,  264,  285,  331,  332,  333 

Glaiiberite,  I.,  329 

Gla^  IL,  185,  186,  187-188,  276 

—  composition  of,  IL,  195 

—  crystalline,  II.,  189 

—  ^rtbenware,  IL,  161,  178-179 

—  flowing,  IL,  190 

—  lead,  II.,  163 

—  lead-free,  IL,  157,  158 

—  liKtre,  II.,  190 

—  unitary  ware,  IL,  195 

—  iiranium,  IL,  373 
Glazed  bricks,  IL,  200,  201 
- substitutes,  IL,  270 

—  til^  IL,  226 

Oazii^  grinding  wheels,  II.,  415 

—  IKKcekin,  IL,  187-188 
Globe  granite,  IL,  129 
Glost,  IL,  T76 

—  firing,  IL,  179 

Glover  acid,  L,  223,  224,  228,  235,  248, 
281 

Glover  tower,  L,  221,  223,  227-229,  238 

- packing  for,  I.,  230,  23T 

- uses  of,  L,  224 

Glue,  use  as  a  retarder  in  plaster  of  Paris, 
U  347 

Glue  works,  water  for,  L,  182 
Glycozone,  II.,  7 

Gold,  colouring  glass  with,  II.,  269 
- pottery  with,  II.,  165 

—  cyanide  extraction  of,  I.,  429,  483-484 

—  industry,  statistics,  I.,  483-484 

—  liquid,  II.,  270 

—  precipitation  of,  IL,  61 
Gold  bronze,  vanadium,  II.,  381 

—  chloride  colouring  pottery  with,  IL, 

165 

—  overglaze,  IL,  189 
Golden  hair  water,  L,  423 
Goldschmidt’s  reactions,  IL,  67-75 
Goreham  process  for  cements,  II.,  89 
Gorman’s  furnace,  I.,  44 

Gout,  radium  treatment  of,  II.,  396-397 
Graf  von  Schwerin’s  day  purification  pro- 
cess,  IL,  143 
Grainers,  L,  270 
Graphite,  deflocculated,  II.,  405 

—  electrodes,  II.,  405,  406 

—  from  cyanamide,  I.,  472 

—  literature,  II ,  399 

—  mode  of  formation,  IL,  404 

—  powder,  II.,  404-405 

—  properties,  II.,  404 

—  puriflcition  of,  I.,  417 

—  statistics  of,  II.,  405 

—  temperature  of  formation,  II.,  401,  402 


Graphite,  uses,  II.,  405 
Grappier  cements,  II.,  83 
Grates,  I.,  34 

Grease  recovery  from  effluents,  L,  184, 

i35 

- from  sewage,  L,  19 1 

Green  glass,  II.,  269 

Greenland,  cryolite  deposits  of,  II.,  51 

Griesheim  cell,  I.,  368,  369,  370,  373 

—  nitric  acid  plant,  I.,  440 
system,  I.,  234,  239 

—  towers.  I.,  224 
Griffin  mill,  IL,  95,  96 
Gritstone  wheels,  IL,  415 
Grinder’s  phthisis,  IL,  415 
Grinding  appliances,  II.,  414 

—  glass,  II.,  261,  262 

—  machinery,  II.,  24-26,  93-98 

—  materials,  IL,  52,  128,  413-420 

—  mills,  II.,  414 

—  plaster,  IL,  115,  116 

—  powders,  II.,  418-420 

—  slag,  IL,  84 

—  wet,  II.,  88,  89 

—  wheels,  II.,  415,  416,  417 
Grindstones,  carborundum,  II.,  402,  415 
Grog,  IL,  146,  163,  231 

Ground  coating  for  enamels,  IL,  278 

—  mica,  II.,  287 

—  waters,  I.,  158,  159 
Guaiacol,  II.,  3,  4 
Guanidine,  I.,  480 
Guano,  II.,  42-43.  47 
Guttmann’s  alumina  packing,  II.,  52 

—  nitric  acid  plant,  1.,  440 
Gwynne,  I.,  3 

Gypsite,  I.,  346 

Gypsum,  I.,  329,  345-3491  H-.  113-117 

—  analysis  of,  I.,  348 

—  dehydration  of,  I.,  347 

—  effect  on  setting  of  cement,  II.,  iii 

—  loss  of  setting  power,  II.,  116 

—  occurrence  of,  I.,  346 

—  prices  of,  I.,  347 

—  statistics,  I.,  346 

—  uses  of,  I.,  345,  349 


H 

Haas-Ottel  electrolytic  bleaching  cell, 
400,  401 

Haber-le  Rossignol  ammonia  process,  L, 
469,  47o»  471 
Hack,  IL,  213 

Hadfield’s  gyratq^  crusher,  II.,  92,  93 
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Half-value  period,  radioactive,  II.,  386 
Hampson  hydrogen  plant,  L,  100 

—  liquid  air  machine,  L,  86 
Hanisch-Schrdder  sulphur  dioxide  process, 

I-,  253 

Hard  finish  plasters,  L,  348  ;  IL,  1 13,  1 16 
Hardened  glass,  II.,  245,  246,  262 
Hardening  of  plaster,  IL,  116 
Harding’s  phosphorus  process,  IL,  425 
Hargreave’s  bird  cell,  L,  370,  373 

—  process  for  sodium  sulphate,  L,  275, 

281,  284,  285,  289 
Hardness  of  water,  L,  160,  172 

- estimation  of,  L,  194 

- -  loss  of  fuel  by,  1.,  173 

Harris  furnace,  L,  212 
Hart’s  process,  L,  337 
Hasenclever’s  bleaching  powder  plant,  I., 
394,  395 

—  process,  I.,  365 
Hauenschild  kiln,  IL,  105 
Haughton’s  acid  concentration  pans,  I., 

237 

—  acid  pumps,  L,  232 

—  water  sprays,  L,  233 
Haythorpe’s  process,  L,  175 
Hayward  Tyler’s  process,  I.,  196 
Heat  restorers,  1 ,  30,  34,  43 
Heat  units,  L,  45 

Heavy  spar,  L,  351 
Hedgehog  rolls,  IL,  92 
Hefner  candle  power,  IL,  357 
Hcgeler  mechanical  furnace,  L,  210,  216 
Helium,  properties  of,  L,  X03 
Henry’s  law,  L,  140 
Herreus  fused  silica  process,  IL,  272 
Hermite  electrolytic  bleaching  cell,  L,  396, 
397 

—  fluid,  IL,  9 

Herreshoff  mechanical  furnace,  I.,  2x2 
Hessonite,  IL,  63 
Hexamethylene  tetramine,  IL,  6 
~  para  aminO“triphenylmethane,  IL,  9 
High  speed  steel,  IL,  69 
Hildebrandt’s  liquefaction  process,  L,  99 
Hippuric  acid,  L,  428 
Hittorfs  black  phosphorus,  IL,  426 
Hochst  process,  L,  245 
Hoffmann  kiln,  1 ,  42  ^  IL,  80,  104,  217- 
221 

Hofmann^s  blue,  L,  494 
Holdcroft^s  thermoscopes,  L,  73,  74 
Hollow  ^lass  ware,  IL,  251 
Holht  drier,  IL,  84 

Honigmann  carbonating  apparatus  L,  307, 
308 

Hoof  meals,  IL,  39 


Hop  ale,  L,  199 
Hopper  salt,  L,  268 
Horehound  beer,  L,  199 
Horizontal  kiln,  IL,  216 
Horn  metals,  II.,  39 
Horry  rotary  furnaces,  IL,  41 1 
Horse  power,  mechanical  equivalent  of,  I,, 
29 

Hot  air  for  furnaces,  L,  32 
Hotop  kilns,  IL,  105 
House  coals,  L,  5 

—  Alters,  L,  161 

Houston  excess  lime  process  for  water,  L, 
167 

Howard  bridge  ozone  system,  L,  149,  152 

Hubnerite,  II. ,  343**344 

Humphries’  sulphur  burner,  L,  255,  256 

Humus  in  water,  L,  159,  173,  190 

Huntington-Heberlein  furnace,  L,  210, 216 

Hyacinth,  11.,  63,  334 

Hydrargyllit,  IL,  50 

Hydraulic  limes,  IL,  77,  78,  82-83,  X19 

—  press,  for  filaments,  IL,  359 
Hydroboracite,  1.,  3^9»  33L  355 
Hydrocarbons,  hydrogen  from,  L,  115 
Hydrochloric  acid,  L,  2^5-280 

—  —  absorption  towers  for,  L,  277 

- -  condensation  of,  L,  276,  277 

- - -  escape  of,  into  air,  L,  275 

—  germicidal  value  of,  IL,  3 

—  —  injurious  amounts  in  water,  L,  192 

—  —  manufacture,  L,  275 

- - properties  of,  I,  279 

—  purification  of,  I.,  278,  279 

—  —  specific  gravity  of  solutions  of,  L,  280 

—  —  storage  of,  L,  279 

—  —  transport  of,  L,  278 
_  uses  of,  L,  279 

Hydrocyanic  acid,  I,  487,  488,  495 

—  — »  action  on  steam,  L,  492 

—  —  in  coal-gas,  L,  492,  493 

—  —  in  exit  gases,  L,  459,  461 

—  —  in  gas  liquors,  L,  456 

disinfecting  properties,  IL,  it 
™  —  from  schlempe,  L,  489 
Hydrofluoric  acid,  L,  413-419 

—  --  disinfecting  properties  of,  IL,  11 

—  —  evolution  in  superphosphate  dens, 

IL,  30 

_  _  glass  etching,  L,  4x7 

—  ~  manufacture,  I.,  4x3,  4x4 

—  —  properties  of,  L,  416 

—  —  purification  of,  L,  415,  416 

—  —  specific  gravity  of  solutions  of,  L 

416 

—  —  storage  of,  L,  416 

—  —  transport  of,  L,  416 
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Hydrofluoric  acid,  uses  of,  I.,  417 
Hydrofluorsilicic  acid,  L,  415,  417-419 

- disinfecting  properties,  IL,  ii 

- properties  of,  L,  419 

Hydrogen,  L,  109  et  seq,^  124 

—  amount  liberated  by  electrical  current, 

I;,  367*  368 

—  boiling  point  of,  L,  112 

—  calorific  intensity  of,  I.,  ii 

—  Claude's  process  for,  L,  1 13 

—  electrolytic,  I.,  370,  379 

—  from  acetylene,  L,  115 

—  from  acids,  I.,  116 

—  from  alkalis,  L,  116 

—  from  benzene,  I.,  115 

—  from  calcium  hydride,  I.,  116 

—  from  carbon  monoxide,  I.,  113 

—  from  cellulose,  I.,  1 1 1 

—  from  coal,  I.,  1 1 1 

—  from  ferrO'Silicon,  I.,  116 

—  from  hydrocarbons,  I.,  115 

—  from  petroleum,  L,  115 

—  from  water,  I.,  no,  112 

—  from  water-gas,  I.,  112,  113 

—  ignition  temperature  of,  I.,  45 

—  Jaubert's  process  for,  L,  117  ;  IL,  69 

—  lifting  power  of,  I.,  1 1 8 

—  Linde-Frank-Caro  process,  L,  loi 

—  Linde  process,  I.,  T13 

—  liquefaction  of,  I.,  100 

—  manufacture  of,  I.,  83  tt  seq, ;  no,  471 

—  occlusion  of,  I.,  no 

—  properties  of,  I.,  103,  109 
— ^  uses  of,  L,  117,  118,  379 

—  yield  per  H.P.  by  electrolysis,  I.,  370 
Hydrogen  peroxide,  I.,  158,  421,  422, 

423,  424,  426 

- disinfecting  power  of,  II.,  7 

- estimation  of,  L,  424 

- manufacture,  L,  423,  424 

- water  purification  by,  L,  167 

Hydrogenite  process,  I.,  116 
Hydrolitl^  I.,  116 
Hydrolytic  tanks,  I.,  186 
Hydroquinine,  disinfecting  properties  of, 
II.,  4 

H5^drosulphite,  sodium,  I.,  260 
Hydroxide,  potassium,  IL,  13;  see  also 
Potassmm  hydroodde 
Hypochlorite,  calcium,  I.,  395 
Hypochlorites,  I.,  391-402 

—  disinfecting  properties  of,  L,  402 ;  II., 

8,  9 

—  formation  of,  I.,  397,  398 

—  germicidal  value  of,  II.,  3 

—  water  purification  by,  L,  167,  168 
Hypochlorous  add,  L,  392,  393 


Hyposulphite,  sodium,  I.,  259,  298 
Hyraldite  C.  Ext,  I.,  260 


I 

Ice-making  machines,  I.,  77  et  seq. 

Ice  manufacture,  I.,  77  et  seq. 

Iceland,  water  power  of,  I.,  475 
Ignition  temperatures,  I.,  34,  44 
Ichaboe  guano,  II.,  42 
Illuminants,  zirconia,  II.,  334 
Illuminating  gas,  coke  oven,  I.,  52,  54,  55 
Ilmenite,  IL,  323,  324 
Imitation  marble,  I.,  349 
Impervite,  II.,  118 

Incandescent  electric  glow  lamps,  IL, 
35  ^-367 

—  mantles,  II.,  291,  303-3i5»  334 

- artificial  silk,  II.,  312,  313 

- branding  of,  II.,  309 

- burning  of,  IL,  309-313 

- collodionising  of,  II.,  31 1-3 13 

- durability  of,  II.,  314 

- fabric  of,  II.,  304-306 

- fixing  of,  II.,  309 

- impregnation  of,  IL,  307,  308 

- inverted,  IL,  307 

- patents  relating  to,  II.,  315,  316 

- rings  for,  IL,  3I3j  3^4 

- rods  for,  IL,  313,  314 

- statistics,  IL,  314,  315 

- testing,  II.,  314 

- upright,  II.,  307 

Incendiary  bombs,  II.,  71,  72 
India,  mica  from,  IL,  287 
Industrial  gases,  properties,  I.,  103 
Infra-red  rays,  opaqueness  of  glass  to,  II., 
244 

Inks,  vanadium,  II.,  381 
Insecticides,  L,  258;  IL,  17-20 
Insulating  glass,  II.,  265 

—  porcelain,  II.,  185 
Intermittent  kilns,  II.,  79 
Internal  work  of  gases,  I.,  84,  85 
Iodic  hydrarg,  II.,  14 
Iodides,  potassium,  I.,  41 1 
Iodine,  I.,  407-412,  434 

—  antiseptics,  II.,  3,  6,  10 

—  detection  of,  I.,  278 

—  electrolytic,  I.,  408 

—  extraction  by  solvents,  I.,  410 

—  from  phosphates,  I.,  41 1 

—  in  sea-weed,  I.,  407 

—  manufacture  from  caliche,  I.,  407,  408 

409 

- from  sea-weed,  1.^  408,  410,  411 
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Iodine,  occurrence,  L,  407 

—  precipitation  of,  L,  407,  40S,  4E0 

—  properties  of,  L,  41 1 

—  purification  of,  L,  41 1 

—  statistics,  L,  412 

—  uses  of,  IL,  426,  427 

—  water,  germicidal  value,  IL,  3 

—  yield  from  sea-weed,  L,  41 1 
Iodine  cyanide,  IL,  6 

—  trichloride,  germicidal  value,  IL,  3,  10 
Ionisation,  connecting  with  disinfecting 

properties  of,  IL,  10,  14 
Ionium,  IL,  386,  388,  39i”392 
Ions,  L,  367,  368 
Iridescent  glass,  IL,  262 
Iron,  action  of  ammonium  sulphide  on, 

305 

- of  sulphuric  acid,  L,  116 

- on  water,  L,  iio-in 

—  disinfecting  properties  of,  IL,  16 

—  corrosion  by  acids,  L,  249 

_ - by  water,  L,  172,  173 

—  cutting  by  oxygen  flame,  I.,  105 

—  effect  on  glass,  IL,  269 

—  enamelled,  IL,  276-277 

—  estimation  of,  IL,  119,  120 

—  in  aerated  water,  L,  200 

—  in  alum,  IL,  53,  57 

—  in  bricks,  IL,  202 

—  in  fire-clays,  IL,  230 

—  in  soda  water,  L,  200 

—  in  water,  L,  168,  180,  i8i,  182;  IL, 

60,  61 

—  in  magnetic  separation  of,  IL,  168 

—  water  purification  by,  L,  166 
Iron  alloys,  IL,  70 

—  bromide,  L,  406 

—  cistern  cement,  IL,  136 
~  ore  cements,  IL,  ri2 

—  oxide,  L,  112,  213;  catalytic,  L,  240, 


244,  245 

“ —  colouring  earthenware  with,  IL,  164, 
189 

—  pans,  enamel  glaze  in,  IL,  136 

—  phosphate,  IL,  425 

—  Portland  cement,  IL,  85 

—  pyrites,  L,  206,  214 ;  see  under  I^rites 

—  salts,  disinfecting  properties  of,  II.,  16 

—  treatment  of  effluents  by,  L,  184,  1S8 

—  water  purification  by,  L,  166 

Iron  sulphates,  limiting  amounts  in  water 
for  fish,  L,  192 

—  silicides,  IL,  408 

~  work,  protection  of,  IL,  404 
Ironac,  I.,  236,  249,  278 
Ironite,  II.,  119 
Isinglass  substitute,  L,  408 


Italian  asbestos,  IL,  281,  282 
Itrol,  IL,  16 


J 

Japanese  porcelain,  IL,  186 

—  sulphur,  I.,  203 

Jargon,  IL,  63,  334 

Jaubert  hydrogen  process,  L,  105,  116 

Javel  water,  L,  391 

Jeffrey  pulveriser,  IL,  93 

Jena  glass,  IL,  242,  249,  253,  265 

Jenisch  ball  mill,  IL,  94 

Jersey  stone,  IL,  161 

Jet,  I.,  4 

Jigger,  vertical,  II. ,  r?! 

Jigs  for  coal,  L,  14 

Johannis  waters,  L,  198 

Johnstone  kiln,  IL,  103,  104 

Jolleying  clay,  IL,  17 1 

Joudrain^s  phosphorus  process,  IL,  426 

Joule-Thomson  effect,  I.,  84 

Juniper,  use  in  polishes,  IL,  421 


K 

Kainite,  L,  329,  330,  337 

—  use  as  manure,  IL,  40 
Kalkstickstoff,  L,  475;  see  NitroUm^ 

Cyanamidi 
Kankar,  IL,  78 

Kaolin,  IL,  55,  145-146,  183;  see  also 
China  clay 

—  chemical  composition  of,  IL,  139-142 
~  zeolite  from,  IL,  59 

Kaolinite,  IL,  146,  183 

Keene's  cement,  II.,  116,  130,  137 

Keller  furnace,  IL,  408 

Kellner's  electrolytic  bleaching  cell,  L, 

396.  397i  398 

Kelp,  L,  408 

Kent  mill,  IL,  96 

Kentish  rag,  IL,  111 

Keramo,  IL,  270 

Keramyl,  IL,  ii 

Kermode  burner,  L,  26 

Kerpely  producer,  L,  130,  132 

Kessler’s  apparatus,  L,  237 

Kestner  acid  elevator,  L,  231 

Kettles,  calcining,  IL,  115 

Keystone  lime  kiln,  IL,  79 

Kietelphr,  IL,  163,  414,  420 

Kiesente,  L,  329,  330,  332,  335 ;  IL,  41 
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Kilns,  i.,42;  n.,  79-81.  99-105. 113-117. 
214-222 

—  Aalborg,  IL,  104,  105 

—  archless,  IL,  214,  216 

—  Batchelor,  IL,  103 

—  bottle,  IL,  103 

—  brick,  IL,  214-222 

—  Biihrer  continuous,  II.,  218,  221 

—  cement,  IL,  99-105 

—  clamp,  IL,  215 

—  continuous,  IL,  104,  217 

—  Dietzsch,  IL,  104 

—  dome,  IL,  103 

—  down-draught,  IL,  215,  216,  232 

—  Dumesnil,  IL,  114 

—  for  lime  burning,  II.,  79-^i 

—  for  refractory  goods,  IL,  232 

—  Gibbons,  IL,  103 

—  gypsum,  IL,  113-1 17 

—  Hargreaves,  I.,  284 

—  Hauenschild,  IL,  105 

—  Hoffmann^  L,  42;  IL,  217-221, 

232 

—  horizontal,  IL,  216,  232 

—  Hotop,  IL,  105 

—  Johnstone,  II.,  103 

—  muffle,  II.,  194 

—  plaster,  IL,  113-114 

—  rotary,  IL,  99-103,  114 

—  Schneider,  II.,  105 

—  semi-continuous,  IL,  216,  217 

—  shaft,  IL,  104 

—  Spackman’s,  IL,  103 

—  Staffordshire,  IL,  222 

—  stage,  II.,  104 

—  stationary,  IL,  99,  103-105 

—  stein-ribbed,  IL,  105 

—  up-draught,  IL,  216 
Kish,  II.,  404 

Knietsch-Herreshofl  process,  I.,  242 
Koker  stoker,  I.,  37 
Kominor,  mild,  11.,  94 
Kontrastin,  II.,  334 

Kopper  ammonia  recovery  plant,  L,  462 

Koppefs  oven,  I.,  54 

Kritzer  hydrator,  IL,  8 1 

Krugite,  L,  329 

Krupp  ball  mill,  IL,  94,  95 

Krupp^s  pyrometer,  L,  15 

—  tube  mill,  IL,  96 

Krause^s  catalytic  process,  I.,  245 
Kryolite — see  Cryolite 
Kubierschky^s  bromine  plant,  L,  404, 
405 

Kulm,  uranium  in,  IL,  370 
Kunheim  metal,  IL,  317-31^8 
Eainzite,  IL,  63 


L 

La  Large  cement,  II.,  82 
Laboratory  glass,  1 1.,  242 
Lactic  acid,  disinfecting  properties,  IL, 

35 

Lagging  cements,  IL,  1 33-134 

—  for  steam-pipes,  IL,  133,  i34> 

284 

Lake  Mapdi,  I.,  287,  299 
Laminaria  digitaia^  I.,  407,  408 

—  saccharina,  I.,  407 

—  sienophylla,  L,  407,  408 
Lamps,  filament,  IL,  351,  366,  367 

—  mercury  vapour,  II.,  274 

—  metallic  filament,  IL,  351-367 

—  metal  filament,  II.,  365,  366 

—  nitrogen  filled,  IL,  364,  365 

—  tantalum,  II.,  356-357 

—  tungsten,  II.,  357-366 
Land  plaster,  L,  345 

Lane’s  process  for  hydrogen,  I.,  iix 
Lanthanum,  uses  of,  II.,  316 

—  oxalate,  IL,  301 

—  sulphate,  II.,  301 
Largin,  II.,  16 

Lassen  and  Hjert’s  standard  purifier,  I.,  1 74 

- water  softener,  L,  177 

Lathe,  for  earthenware,  1 1.,  170 
Laughing  gas,  I.,  496 
Laundry,  water,  L,  482 
Lawns,  pottery,  II.,  168 
Le  Chatelier  test,  IL,  124 
Le  Maitre  briquette  process,  L,  29 
Le  Sueur  cell,  L,  371 
Lead  alloys,  II.,  318 

—  corrosion  of,  I.,  230,  236,  249 

—  in  aerated  water,  I.,  199 

—  in  sulphuric  acid,  I.,  250 

—  in  water,  I.,  161,  168 

—  antimonate,  IL,  165,  189 

—  borate,  I.,  357 

—  chamber  process,  I.,  221  et  seg 

—  chambers,  construction  of,  L,  225 

et  seq 

—  compounds,  use  as  fluxes,  II.,  163 

—  glazes,  II.,  163 

—  glasses,  II„  249,  251 

—  oxides  in  enamels,  IL,  277,  279 
- in  glass,  IL,  249 

—  sulphide,  I.,  210,  214 

—  pans  for  salt-cake  furnaces,  L,  283 
Leather,  ammonia  from,  I.,  455 

—  effect  of  cold  on,  I.,  90 

—  use  of  titanium  salts'on,  IL,  320 

—  dyeing,  II.,  320 

—  meal,  II.,  39 
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Leblanc  process,  I.,  204,  287,  288,  289, 
291-298 

- melting  process,  L,  291 

- statistics,  L,  288,  289,  299,  300 

- sulphur  from,  I.,  204 

- summary  of,  L,  297 

Lederlin  and  Corbin’s  cell,  I.,  387,  388 
Lees’  fusion  process  for  salt,  I.,  271 
Leguminosae,  fixation  of  nitrogen  by,  L, 
428,  429;  IL,  39 
Lemonade,  fermentation  of,  I.,  19 1 
Lenix  drive,  IL,  97 
Lenses,  manufacture  of,  IL,  264 

—  polishing  of,  II.,  421 
Lepidolite,  II.,  286 

Light,  sterilisation  of  water  by,  I.,  158, 
169-172 

Lighters,  automatic  gas,  IL,  316-319 

—  cigar,  IL,  372 
Lignite,  I.,  4 
Lime,  I.,  341 

—  action  of  carbon  monoxide  on,  L, 

1 14 

—  amount  in  distilled  ammoniacal  liquors, 

I.,  315 

—  analysis  of,  IL,  8r,  119-125 

—  bleaching  powder  manufacture,  I.,  391 

—  burning  of,  IL,  79-81 

—  common,  IL,  77,  78-81 

—  composition,  IL,  81 

—  detection  by  dyes,  IL,  iri 

—  disinfecting  properties  of,  IL,  13 

—  effect  on  organisms  in  water,  I.,  167, 

192 

—  estimation  of,  IL,  120 

—  fat,  IL,  81 

—  hydraulic,  IL,  77,  78,  82 

—  in  bricks,  IL,  202 

—  in  enamels,  IL,  278 

—  in  water,  estimation  of,  L,  194 

—  lean,  IL,  81 

—  limiting  amount  in  water  for  fish,  L, 

192 

—  manufacture,  IL,  78-81 

—  manures,  II.,  41 

—  milk  of,  L,  3x7,  324 

—  nature  of,  IL,  77 

—  properties  of,  L,  341 

—  rich,  IL,  81 

—  slaked,  L,  341 ;  IL,  78 

—  slakers,  I.,  317,  361 ;  IL,  80,  81 

—  stucco,  II.,  1 18 

—  uses,  I.,  341 ;  IL,  248,  419,  421 

—  water  purification  by,  I.,  167 

—  kilns,  L,  4T,  317,  318;  IL,  79*81 

—  —  gas,  L,  320,  321 

—  precipitate,  IL,  34 


Lime-nitrogen,  IL,  37 ;  see  Calciu7n 
cyanamide 

Lime-sand  bricks,  II.,  131,  223-224 
Lime-sulphur  dips,  IL,  18,  19 

- washes,  II.,  18  . 

Limestone,  II.,  78 

— ■  carbon  dioxide  from,  L,  141,  320,  321 

—  heat  for  calcination,  L,  320 

—  in  clay,  IL,  143,  144,  20 r 

—  use  as  manure,  IL,  41 
Limogeic  enamel,  IL,  278 
Linde-Frank-Caro  process,  I.,  113 
Linde  liquid  air  machines,  L,  87 

—  nitrogen  plant,  I.,  96,  479 

—  oxygen  plant,  L,  92,  96 

—  process,  L,  84,  85,  89,  113 
Liquefaction  of  gas,  I.,  83  et  seq. 

Liquid  air,  separation  of  constituents  of, 

L,  91 

—  carbon  dioxide,  L,  142 
--—chlorine,  L,  381-383 

—  fuels,  L,  25,  26,  42,  59 

—  gold,  IL,  270 
Litharge,  use  as  flux,  IL,  163 
Lithia  mica,  IL,  286 

—  water,  L,  198 

Lithium  aluminium  silicate,  IL,  63 

—  nitride,  L,  474 
Lithophone,  L,  422 
Lixiviation  of  black  ash,  L,  293 
Loams,  IL,  146 

Local  Government  Board’s  Sewage  Dis¬ 
posal  Regulations,  L,  190,  igt,  192 
Lodge’s  fog-dispelling  device,  I.,  220 
Lohnert’s  compound  mill,  IL,  98 
Lowig  process,  L,  296 
Long-flamed  coals,  I.,  5 
Loss  of  heat  in  burning,  L,  47 
Louisiana  sulphur  deposits,  I.,  202 
Louisville  cement,  IL,  86 
Lubricants  in  water,  L,  174 
Lucifer  matches,  IL,  429 
Luminator  apparatus,  L,  176 
Luminous  watch  dials,  II.,  397 
Lump  pyrites  kilns,  L,  211 
Lunge-Rohrmann  reaction  towers,  L,  230 
Lurgi  furnace,  I.,  2x3,  216 
Lustre  glazes,  II.,  190 
Lutes,  IL,  135-137 
Lux’s  mass,  II.,  50 


M 

Mache  units,  I.,  198 
Machines,  soft  mud,  IL,  206 
Mack’s  cement,  IL,  1 1 7 
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Mactear  furnaces,  L,  320 
Madras  mica,  II.,  288 
Magadi,  Lake,  I.,  287,  299 
Magenta  bronze,  II.,  349 
Magnesia,  II.,  127 

—  estimation  of,  II.,  1 19 

~  from  magnesium  chloride,  L,  365,  366  i 

—  in  cement,  IL,  ro8  I 

—  in  glass,  1 1.,  248,  253  | 

—  use  in  glaze,  IL,  162  ; 

Magnesia  bricks,  IL,  233  i 

~  cement,  IL,  127,  128  ! 

—  mica,  IL,  287 

—  mixtures,  IL,  46  i 

Magnesite,  L,  141,  343;  11.,  127,  1H4 
Magnesium  in  water,  L,  173 

—  alba, 343 

—  aluminate,  IL,  63 

—  —  bricks,  11.,  233 

—  bromide,  L,  403,  405 

—  carl)onate,  L,  343 

—  chloride,  I.,  193,  368,  330,  33a,  333  ; 

IL,  127,  128 

— -  — -  chlorine  from,  L,  365,  36b 

.....  _  hydrochloric  acid  from,  L,  365,  366  ‘ 

.  waste  of,  I.,  365 

—  ^  hypocfilorite,  L,  396  ; 

—  limestone,  II.,  78  1 

—  metallic,  I.,  330 
'  nitride,  L,  474 

—  oxychloride  cements,  L,  366 ;  IL,  137,  j 

128,130,415  ; 

’  perhydrol,  L,  413  ! 

|)i!roxide,  L,  167,  42 j  ;  IL,  7 
salts,  L,  343;  IL,  07,  t2H 
"  '  -  maniifiieiiirei  L,  2(14 

--  prccipitiiiion  of,  L,  270  ^ 

'  "J'’  removal  frcim  water,  IL,  60  I 

«  siliccifluoride,  IL,  1 19 
^  •  sulphnu*.  L,  330,  33i,  333  i 

Magnetic  separation  of  rntniazitei  IL,  395,  ” 

296  *  j 

Magnetite  arc  lamp,  IL,  329  i 

iinodos  lamp,  L,  369  ^  | 

Mthler-CJocik  rakirimeier,  L,  8  | 

Majolica,  IL,  153,  157  I 

Maleira  1.,  aia  j 

Mallow  root,  artion  ciri  platteri  II,,  1 16  | 

Malins,  IL,  146,  joj  J 

Mtnganatci,  cliiinfcctifig  prciperliei  of,  | 
IL,  7  I 

Mingaiiwe  alloys,  II ,  70,  jiK  | 

—  borate,  L,  157  *  j 

eitiilytle,  L,  471  I 

—  dioxide,  L,  360,  jfij,  410 
metallici  IL,  6%  70 
removal  from  wiier,  IL,  60 


Manganese,  available  oxygen  in,  L,  360 

—  —  use  in  glass-making,  IL,  250 

—  hydroxide,  L,  362 
oxides,  IL,  189 

—  catalytic,  L,  240 

—  —  colouring  glass  with,  II.,  269 

pottery  with,  1 1.,  165 
“  permutite,  IL,  60 
Manganous  oxide,  L,  117 
iMiiimheim  ciilcincr,  IL,  114 
Hak-eiike  process,  L,  284 
sulphur  trbxide  prexatss,  L,  244,  345 
Mantles,  incamlescciit  gas,  IL,  303-315 
iMantires,  II.,  3 1^47 
"  ■  ammtiniiical  salts,  L,  467 

—  analysis  of,  IL,  44-47 
rcriificatci  for,  IL,  47 

“  cyanamidc,  L,  475,  480 

—  detcrmiiMilicin  of  nitrogen  in,  IL,  45 
_  tif  phosphorus  in,  II.,  45 

—  irirfiiti|ialilik%  IL,  42 

—  mixed,  IL,  41,  42 

—  imiktiire  in,  II.,  45 

—  nitriigeiMiiiii  IL,  3640 

—  sludge,  L,  191,  i«|.* 

—  stitislics,  IL,  47 
Marlilr,  IL,  jH 

—  iirliilriil,  L,  366;  IL,  128,  130,  131 
»—  cmiimt  for,  IL,  ijfi 

imitalbii,  L,  341/ 

—  Miirewo,  IL,  130 

—  Mcircati,  IL,  iji 
?^!arcasilCt  L,  200 
^!arc//o  itw4rblf%  IL,  130 
Miirgtii  s  rriiitmt  picireiii  IL,  Et| 

IL,  t.fb,  ioj 

.Miiriiii.irillS  |itirrc!iiiii,  IL,  ii| 

Martens  itiiirtitiiciil,  IL,  113 

ilicory  of  clet*tiiti}io%iitg  clciticnti, 
Ik* J«4 

Matr|ir%  IL,  4ii>'432 

afterglow  litcvriiiiiiii,  !L,  430 
‘  riifii|iti»j|ifift  cit,  IL,  4 1«|“4 Jf 

—  dfiiiye  dip,  IL,  4JO 
Irriidi  Stiilr,  IL,  431 
Lti«  ifrr,  II  ,  4511 

HJtfrly,  11..  430,  431,  43* 

•  IL,  4JI,  4|i 

—  while  II.,  4 JO 

Matficwviii  fiiriiiirr,  L,  si 7 

iliatiirifiii,  IL,  334 
Meal,  tiliKiil,  IL,  j«i 
t'a^^lcir  till,  IL|  ji 
iiorii,  IL,  j»i 
ra|i«^  take,  IL*  jM 
Mrriiiiiiirai  hmiwt\  L,  tij 
L,  ti» 
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Mechanical  salt  cake  furnaces,  I.,  283,  284, 

365 

Medina  cement,  IL,  85 
Mediterranean,  composition  of,  L,  262, 
263 

Medusa,  IL,  119 
Meldrum  Koker  stoker,  I.,  37 
Mercuric  bromide,  IL,  14,  1 5 

—  chloride,  II.,  3,  14,  15,  18 

—  cyanide,  IL,  15 

— -  ethylene  diamine  sulphate,  IL,  15 

—  iodide,  II.,  15 
Mercury  alloys,  IL,  318 

—  cells,  I.,  375 

—  disinfecting  properties  of,  II.,  15 

—  mirrors,  IL,  263 

—  oxycyanide,  IL,  15 

—  peroxide,  IL,  7 

—  salicylate,  IL,  15 

—  salts,  IL,  14-15 

—  vapour  lamp,  I.,  170;  II.,  265,  274 

—  zinc  cyanide,  IL,  15 
Mesothorium,  IL,  385,  387,  388,  393- 

394, 398 

Messerschmitt’s  process,  I.,  n  i 
Metal  polishes,  IL,  420-421 
Metallic  filament  lamps,  IL,  351-367 

—  salts,  germicidal  value  of,  II.,  10 
Metalising  carbon  filaments,  IL,  354 
Metals,  action  of  sulphuric  acid  on,  L, 

249 

—  cements  for  joining  to  wood,  II.,  137 

—  melting  by  surface  combustion,  I.,  6t 
Methane,  properties  of,  I.,  103 

—  temperature  of  ignition,  I.,  45 
Methylamines,  I.,  488 

Mexico,  vanadium  ores  of,  IL,  376 
Meyer’s  tangential  chambers,  I.,  227 
Mica,  II.,  285-289 

—  amber,  II.,  288 

—  artificial,  II.,  286 

—  dark  amber,  II.,  288 

—  ground,  IL,  286,  287,  289 

—  literature  of,  IL,  285 

—  manufacture,  IL,  286 

—  powder,  IL,  287 

—  production  of,  IL,  288 

—  scrap  amber,  IL,  289 
sheet,  IL,  287 

—  silver  amber,  IL,  288 

—  species  of,  IL,  285 

—  uses  of,  IL,  28 7 

—  value  of,  II.,  288,  289 
Micanite,  IL,  287 
Micrococcus  urecR^  L,  428 
Microsol,  II.,  14 

Milch  superphosphate  den,  IL,  30 


Milk,  Pasteurisation  of,  IL,  7 

—  glass,  L,  419;  II.,  270 
Mills,  ball,  IL,  89,  93-94,  106 

—  Clark’s,  II.,  89,  90 

—  colour,  II.,  18 1 

—  compound,  II.,  97,  98 

—  edge-runner,  II.,  204,  205 

—  pug,  IL,  99,  168,  206 

—  roller,  II.,  93,  95,  96 

—  tube,  II.,  89,  96,  97,  107 

—  wash,  II.,  204 

—  wet  grinding,  II.,  166 
Millstones,  II.,  414 
Minargent,  II.,  349 
Mineral  blue,  I.,  494 

—  oils,  I.,  25 

—  springs,  bromine  rich,  L,  403,  406 

—  superphosphate,  IL,  31 

—  table  waters,  I.,  197,  198 

—  waters,  artificial,  L,  195-200 

- radio-active,  I.,  198 

Mirrors,  glass,  IL,  263 

Misch  metal,  IL,  316,  317,  318 
Mixed  gas,  carbon  dioxide  in,  L,  321 

—  manures,  IL,  41,  42 
Mixers  for  slurry,  II.,  9X 
Mixing  silos,  IL,  99 

—  slag,  IL,  84 
Modelling  clay,  IL,  169-171 
Mohave  desert,  L,  356 
Moisture,  estimation  of,  IL,  45 
Molasses,  potash  from,  L,  338 

—  removal  of  salt  from,  IL,  60 
Molecularweight  and  crystallising  capacity, 

IL,  236 

Molitor  ball  mill,  IL,  94 
Molybdenum,  IL,  355 

—  alloys,  11.,  70 

—  filaments,  IL,  355 

—  metal,  II.,  68,  70 

—  molybdate,  IL,  46 
Molybdic  acid  solutions,  IL,  46 
Monazite,  IL,  291,  292,  316,  369 

—  composition  of,  IL,  293-294 

—  concentration  of,  II.,  294-296 

—  dry  blowing  of,  IL,  295 

—  preparation  for  export,  IL,  294-296 

—  statistics,  IL,  297,  298 

Mond  gas,  ammonia  from,  L,  134,  453, 
461 

—  - calorific  power  of,  L,  134 

- composition  of,  I.,  134 

- theory  of  ammonia  formation  in,  L, 

492 

—  producer,  I.,  121,  129,  130 

—  suction  gas  producer,  I.,  135 
Monochloracetic  acid,  I.,  381 
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Monox,  IL,  403j  4^4 
Montanin,  ILj  n 
Montejus  acid,  L,  231 
Moor  coal,  L,  4 
Moorish  ware,  IL,  i57 
Mordants,  IL,  51,  56,  57 

—  uranium,  II.,  373 

—  vanadium,  IL,  381 
Mortar,  IL,  117-119 

Moritz  chambers,  L,  224,  226 

—  furnace,  L,  213 
Mortar  cement,  IL,  117? 

—  common,  II.,  117 
Mosser  cooler,  IL,  103 
Mottramite,  IL,  375,  377 
Moulding  clay,  IL,  170 

—  porcelain,  IL,  187 

Moulds  for  earthenware,  II.,  170,  17 1 
Moyer  waterproofing  process,  II.,  118 
Muffle  furnaces,  L,  42  ;  IL,  118 

—  kiln,  IL,  194 
Multitubular  boiler,  L,  32 

Muriate  of  potash— see  Potassium  chloride 
Muscovite,  IL,  285,  287 


N 

Naphthol,  beta,  IL,  4 
Naples  yellow,  II.,  165 
Native  guano,  IL,  43 
Natrolite,  II.,  59 

Neodymium,  colouring  porcelain  by,  II., 
320 

—  use  in  glass,  IL,  320 

—  oxalate,  II.,  301 

—  sulphate,  II.,  301 
Nemst  filament,  L,  145 

—  lamp,  IL,  334 

Nesfield  triple  tablets,  II.,  10 
Neumann's  phosphorus  process,  II.,  425 
Neutral  bricks,  II.,  233 
Newfoundland  asbestos  deposits,  II.,  282 
Niagara  Falls,  L,  371,  385,  387  ;  IL,  403 
Nickel  alloys,  IL,  70 

—  colouring  glass  by,  II.,  269 

—  use  in  glass  making,  II.,  250 

—  oxide,  L,  118  ;  II.,  165 

—  sulphate,  catalytic,  I.,  240 
NicoFs  spissograph,  II.,  124 

Nicotine,  disinfecting  properties  of,  II., 
19,  20 

— -  sulphur  dip,  IL,  19-20 
Ni^ienfuhr-Rohrmann  packing,  I.,  227, 
229 

Nigerian  monazite,  II.,  293 


Nile  sudd,  briquetting  of,  I.,  24 
Niobium,  IL,  341-342 
Niton,  I.,  198 
Nitra  lamps,  IL,  365 
Nitragin,  II.,  40 

Nitrates,  absorption  by  plants,  L,  427,  428, 
429 

—  ammonium,  L,  435-436,  448 ;  see  also 

Ammonium  nitrate 

—  calcium,  I.,  434,  435,  447 

—  Chile  deposits,  I.,  431 

—  estimation  of,  I.,  194 

—  for  sulphuric  acid,  L,  210 

—  from  air,  I.,  446-447 

—  formation  of,  in  soil,  I.,  427,  428,  429, 
.  434 

—  in  water,  I.,  173 

—  Norwegian,  I.,  441 

—  potassium — see  Potassium  nitrate 

—  sodium — see  Sodium  nitrate 

—  sources  of,  L,  210 
Nitre  cake,  L,  438 

- disinfecting  properties  of,  IL,  12 

- uses  of,  L,  356 

—  pots,  L,  220,  234 
Nitric  acid,  I.,  437-451 

- absorption  towers,  I.,  447 

- disinfecting  properties,  II.,  1 1 

- from  air,  L,  427,  441-449 

- from  ammonia,  I.,  435,  448  449 

- from  Chile  saltpetre,  I.,  437 

- in  sulphuric  acid  chambers,  I.,  225, 

233)  234 

- in  water,  I.,  159,  160 

- properties  of,  L,  449-450 

- specific  gravity  of,  L,  450 

- statistics,  L,  451 

stills,  L,  438,  439,  440 

- Valentiner’s  process,  L,  440 

- oxide,  formation  of,  I.,  441,  442, 

446,  447 

- heat  of  formation,  L,  442 

- properties  of,  I.,  103 

Nitrides,  aluminium,  I.,  473-474 

- ammonia  from,  L,  473-474 

Nitrification,  L,  429 

Nitrifying  bacteria,  L,  427,  428,  429 

Nitrites,  I.,  447-448 

—  absorption  by  plants,  I.,  427,  428,  429 

—  bacteria,  I.,  429 

—  estimation  in  water,  I.,  194 

—  sodium,  I.,  436 1  see  also  Sodium 

nitrite 

Nitro-cake,  L,  234 
Nitrogen,  I.,  83,  107,  io8 

—  absorption  by  bauxite,  I.,  473,  474 
- by  calcium  carbide,  I.,  477 
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Nitrogen,  absorption  by  plants,  L,  427, 
428,  429 

- -  from  atmosphere,  L,  427 

—  animal  life  and,  L,  427,  428 

—  assimilation  of,  L,  427,  428,  429 

—  boiling  point  of,  L,  1 1 2 

—  circulation  of,  L,  427,  428 

—  Claude  plant  for,  1.,  96,  98 

—  conditions  for  uniting  with  oxygen,  L, 

441,  442 

—  copper  process  for,  L,  107 

—  direct  unions  of,  L,  108,  469 

—  estimation  of,  L,  193 ;  IL,  45 

—  fixation  of,  L,  427,  42S,  429,  441-447 ; 

IL,  327 

—  from  air,  L,  91 

—  Hildebrandt^s  process  for,  L,  99 
in  coal,  L,  453 

—  lamps,  IL,  364-365 

—  Linde  plant  for,  L,  94,  95,  96 

~  production  of,  L,  61,  94,  107,  471,  479 

—  properties  of,  L,  105,  107 

—  quantity  in  atmosphere,  I,,  441 

—  uses  of,  L,  108 

—  bacteria,  L,  427,  428,  429 

—  —  use  as  manure,  IL,  39 

—  monoxide,  L,  4^6 

—  oxides,  disinfecting  properties  of,  IL,  1 1 

—  —  electrical  formation  of,  L,  427,  441- 

447 

“  —  in  chamber  process,  L,  222-225, 
234 

—  —  in  sulphuric  acid,  L,  251,  235 

—  peroxide,  L,  446,  447 
Ifitrogenous  manures,  II.,  36-40 
Nitroguanidine,  L,  480 

—  lime,  L,  475;  IL,  42,  411;  see  also 

Calcium  cyanamiii 

—  —  analysis  of,  IL,  38 

—  —  use  as  manure,  IL,  37,  38 
Nitro-phosphate,  IL,  42 
Nitrosococcus,  L,  429 
Nitrosomonas,  L,  42^ 

Nitrosyl  sulphuric  acid,  L,  223,  224 
Nitrous  acid,  decomposition  of  urea  by, 
L,  428,  429 

—  —  in  water,  L,  159,  i6o 

—  —  manufacture,  I.,  496 
~  oxide,  I,,  103,  434,  496 
~  properties,  L,  496 
Non  coking  coal,  L,  s 
Non-slip  stone,  IL,  129 
Northwich  salt  beds,  L,  262 

—  —  pans,  I.,  265,  266 

Norway,  water  power  of,  L,  441,  475 
Norwegian  saltpetre,  L,  435,  447 
Nut  briquettes,  L,  24 


o 

O’Brien  furnace,  L,  213 
Ocean,  composition  of,  L,  262 
Ochre,  IL,  164 

Oddo  cyanamide  factory,  L,  475,  476, 
.  477 

Ohio  bromine  mineral  springs,  L,  403,  406 
Ohm’s  law,  L,  368 
Oil,  filtration  of,  L,  174 

—  in  water,  L,  174 

—  mineral,  L,  25 

—  separation  from  boiler  water,  L,  174, 

i7S»  179 
Oil  fuels,  L,  25 

—  —  advantages  of,  L,  26 

—  —  cost  of,  I,,  27 
furnaces,  I.,  42 

—  shales,  IL,  148 

—  of  eucalyptus,  IL,  5 

—  of  vitriol,  L,  248  ;  see  Sulphuric  acid 

—  dug,  IL,  405 
Oleic  acid,  L,  1 18 
Olivene,  IL,  63 
Opal,  IL,  63 

—  glass,  IL,  269 

Opaque  glass,  IL,  250,  251,  269,  270 
Open  mixers,  IL,  205,  206 
— •  roasting  furnace,  1.,  291,  292 
Opl  process,  L,  224,  234,  239 
Optical  glass,  IL,  263-264,  320 
— ^pyrometers,  L,  67,  68,  69,  70,  71,  73 
Oriental  amethysts,  IL,  63 
Orthoclase,  IL,  16 1 
Osmi  lamp,  IL,  355 
Osmic  acid,  IL,  ti 
Osmium,  catalytic,  L,  471 

—  filaments^  IL,  355,  366 

Ostwald  nitric  acid  process,  L,  435,  44B, 
449,  480 

Otto  oven,  L,  52,  53 
~  ozone  system,  L,  147,  151,  152 
Otto-Hilgenstock  ammonia  recovery  pro- 
cess,  L,  463 

—  oven,  L,  54 

Outhenin-Chalandre  cell,  L,  371 
Ovens,  earthenware,  IL,  175-177 

—  improvements  in,  IL,  iS'i 

—  pottery,  IL,  175*“ *77 
Overburden,  IL,  203 
Overglaze  colours,  IL,  189 
~  decoration,  IL,  xSo 

Ovoid”  briquettes,  L,  24 
Owen^i  glass  bottle  machine,  IL,  257 

—  kk^  L,  287 

Oxalates,  hydrogen  from,  L,  114 
Oxalic  acid,  IL,  119 
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Oxalic  acid,  use  as  polish,  II.,  421 
Oxidation,  catalytic,  I.,  448,  449 
Oxidising  agents,  I.,  421-426 

—  disinfectants,  II.,  6 
Oxone,  L,  421 

Oxy-acetylene  flame,  I.,  105,  117 
Oxychloride,  II.,  9 
Oxy-hydrogen  flame,  L,  117 
Oxygen,  amount  necessary  to  life,  I., 
192 

—  available,  L,  421,  424 

—  Brinn  process,  I.,  105 

—  Claude  plant  for,  I.,  96,  97,  98 

—  consumption  value  for  water,  L,  160 

—  determination  of  dissolved,  I.,  194 

—  electrolytic,  I.,  105 

—  Hildebrandfs  process,  I.,  99 

—  Jaubert  process,  I.,  105 

—  Linde  plant,  I.,  92,  96 

—  manufacture,  L,  83 

—  production  from  air,  L,  91 

- from  electrolysis,  I.,  370 

- from  Linde  plant,  L,  92 

—  properties  of,  L,  103,  105 

—  statistics  of,  I.,  106 

—  uses  of,  I.,  105 

Oxygen  consumption  value,  I.,  194 
OxyUth,  I.,  421 
Ozonair  system,  I.,  150 

—  water  treatment,  I.,  153,  154 
Ozone,  I.,  145  et  seq, 

—  air  purification  by,  I.,  154 

—  applications  of,  I.,  15 1 

—  bleaching  by,  I,,  154 

—  detection  of,  I.,  150 

—  disinfecting  properties  of,  II.,  5,  6 

—  estimation  of,  I.,  150 

—  formation  of,  I.,  145,  146 

—  properties  of,  I.,  103,  145 

—  sterilisation  of  water  by,  I.,  169 

— water  purification  by,  I.,  151,  168,  169 

—  use  in  fermentation  industry,  I.,  154 
Ozonic  ether,  II-,  7 

Ozonides,  II.,  6 


P 

Packing  for  towers,  L,  227,  229,  230,  231 

Paint  for  iron-work,  IL,  404 

Pan-boilers,  I.,  39 

Pan-scale,  I.,  268 

Pans,  iron,  L,  281 

Pancreatine,  II.,  7 

Pankermite,  I.,  355 

Paper  sizing,  II.,  57 

Paperstock  asbestos,  II.,  283 


Paraffin,  use  as  a  polish,  IL,  420,  421 
Paraform,  II.,  6 
Paraformaldehyde,  II.,‘  6 
Parian  cement,  IL,  117 

—  porcelain,  IL,  154 

—  ware,  II.,  186 

Paris,  plaster  of,  II.,  113-117 

—  blue,  I.,  494 
Parker’s  cement,  II.,  85 
Parrot  coals,  I.,  6 
Partinium,  II.,  349,  352 
Partition  blocks,  hollow,  II.,  227 
Passow’s  slag  cement,  II.,  84 
Paste,  IL,  65,  265,  266 

Patent  fuel,  I.,  21 

—  plate  glass,  IL,  261 
Patronite,  IL,  375,  376 

Pauling  electrical  furnace,  L,  443,  444 
Paving  blocks,  IL,  197-198 

—  stones,  II.,  129,  130,  1 31 

—  tiles,  IL,  225 
Pearls,  II.,  63 

—  artificial,  IL,  65 

Peas,  nitrogen  fixation  by,  I.,  428 
Peat,  L,  3 

—  ammonia  from,  I.,  454,  461 

—  bacterised,  I.,  434 

—  nitrogen  in,  I.,  454 

—  temperature  of  ignition,  I.,  44 

—  use  as  fuel,  I.,  3 
Peat  charcoal,  I.,  18 

—  gas,  I.,  4 
Peaty  acids,  I.,  173 
Pegmatite,  IL,  16 1,  285 
Pens,  tantalum,  II.,  341 
Pepsin,  IL,  7 
Peracids,  I.,  424-425 
Perborates,  I.,  357,  425,  426 

—  ammonium,  I.,  426 

—  disinfecting  properties  of,  II.,  7 

—  sodium,  I.,  425,  426 
Perborax,  I.,  425 
Perboric  acid,  I.,  42  5 
Perborin,  I.,  426 

Percarbonates,  disinfecting  properties  of, 
II.,  7 

—  potassium,  I.,  426 

—  sodium,  I.,  426 
Percarbonic  acid,  I.,  426 
Perchlorates,  I.,  388-389 

—  analysis  of,  I.,  389 
Perhydrol,  I.,  423 ;  II.,  7 

—  water  purification  by,  I.,  167 
Peridot,  II.,  63 

Perm’s  instrument,  II.,  123 
Period,  radio-active,  II.,  386 
Permanent  hardness,  L,  172 
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Permanganates,  disinfecting  properties  of, 
II..  7  • 

—  removal  from  water,  IL,  61 

—  sterilisation  of,  L,  182 

—  water  purification  by,  L,  167 
Permonosulphuric  acid,  I.,  423,  424 
Permutite,  I.,  176-183  ^  IL,  59,  60,  61 

—  sodium,  II.,  60 
Peroxide,  hydrogen,  IL,  7 
Peroxides,  I.,  421-424 

—  disinfecting  property  of,  IL,  7 

—  nature  of,  I.,  421 
Peroxol,  II.,  7 
Persol,  I.,  426 

Persulphate,  ammonium,  L,  424-425 

—  potassium,  I.,  425 

Persulphates,  disinfecting  properties  of, 
IL,  7  .  . 

Persulphuric  acids,  I,,  424 
Peru,  nitrate  beds  of,  L,  43 1 

—  vanadium  deposits  of,  IL,  376 
Peruvian  guanos,  IL,  42 
Pestle  and  mortars,  IL,  415 
Petersen^s  tower  process  for  sulphuric 

acid,  I.,  239 

Petroleum,  cements  insoluble  in,  IL,  137 

—  hydrogen  from,  L,  115 
Petroleum  ether,  use  as  lubricant,  L,  89 

—  oils,  water  evaporative  power,  L,  45 
Pettigrew’s  furnace,  IL,  406,  407 
Pharaoh’s  serpents,  IL,  69 

Phenol,  germicidal  value  of,  IL,  1-3 

—  in  dips,  IL,  20 

—  in  gas  liquor,  L,  456 

—  use  as  disinfectant,  IL,  4 
Phenyl-ssdicylate,  IL,  5 
Phlogopite,  II.,  285,  286 

—  uses  of,  287 
Phosphate  glasses,  11.,  251 

—  rock,  I.,  252 

- plant,  II.,  28 

Phosphates,  crushing  of,  IL,  24 

—  deposits  of,  IL,  21-23 

—  estimation  of,  IL,  45 

—  iodine  from,  I.,  41 1 

—  natural,  II.,  21-23 
Phosphatic  manures,  IL,  21-33 
Phospho-nitrogenous  manures,  IL,  33-36 
Phosphorescent  substances,  L,  352 
Phosphoretted  hydrogen,  IL,  409 
Phosphoric  acid,  L,  160;  IL,  31,  32 

- removal  from  thorium,  IL,  300 

- use  in  glass  making,  II.,  250 

Phosphorus,  II.,  423-427 

—  allotropic  modifications  of,  IL,  426 

—  amorphous,  IL,  426 

—  black,  II.,  426 

VOL.  n. — 30 


Phosphorus,  Bologna,  L,  352 

—  condensation  of,  IL,  425 

—  Harding’s  process  for,  IL,  425 

—  Hittorfs  black,  IL,  426,  431 

—  Joudrain’s  process  for,  IL,  426 

—  Neumann’s  process  for,  IL,  425 

—  occurrence,  IL,  423 

—  old  process  for,  IL,  423 

—  production  in  matches,  IL,  43^ 

—  properties  of,  IL,  426 
— -  pyromorphic,  IL,  426 

—  Readman-Parker  process  for,  IL,  424 

—  red,  IL,  426,  430,  431 

—  scarlet,  II ,  426,  427,  431 

—  uses  of,  IL,  427 

—  violet,  IL,  426 

—  white,  IL,  426,  429,  430 
Phosphorus  hydrides,  IL,  431 

—  sulphides,  IL,  431 
Photographic  glass,  IL,  265 
Photography,  use  of  cerium  in,  IL,  320 

—  _  — »  uranium  nitrate,  IL,  373 

—  _  vanadium  salts,  IL,  381 
Photometric  pyrometers,  L,  69 
Picro-ilmenite,  IL,  324 
Pictures,  restoring  of,  1.,  423 
Pigments,  zirconium,  11  ,  335 
Pine»wood,  ignition  temperature,  L,  44 
Fink  glass,  IL,  269 

—  overglaze,  IL,  189 
Pinnoite,  L,  329,  33 r,  355 
Pipeclay,  II ,  147 

Pipes,  burner,  L,  220 

—  drain,  IL,  rp6 

Pitch,  use  as  a  binder,  L,  21,  32 
Pitch  cancer,  L,  24 
coal,  L,  4 

—  ulcer,  L,  24 

Pitchblende,  IL,  369,  370,  371 

—  extraction  of  radium  from,  IL,  390 

—  mines,  IL,  389 
Placing  ovens,  IL,  175 
Panel  glass,  11.,  253 

Plants,  absorption  of  nitrogen  by,  L,  427, 
428,  429 

—  foods  for,  IL,  2t 

Plaster  cements,  IL,  86,  1 13-1 17,  i  iB,  130 
Plaster  of  Paris,  L,  347  ;  IL,  113-117 
_  „  _  action  of  glue  on,  IL,  116 

- - -  analysis  of,  L,  348 ;  IL,  120 

_  —  —  hardening  by  gum  arabic,  IL, 
n6 

—  —  —  properties  of,  IL,  1 16 

—  —  ~  theory  of  setting,  IL,  116 

—  —  —  uses  of,  L,  349 ;  IL,  162 
Plasters,  calcium,  II.,  ti$ 

—  flooring,  IL,  03,  116 
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Plasters,  grinding,  IL,  115,  n6 

—  hard  finish,  L,  348  ;  IL,  113,  116 

—  hardening  of,  II.,  116 

—  setting  of,  I.,  347,  348 

—  tensile  strength  of,  !.,■  348 

—  wall,  L,  349 

Plastic  bricks,  plant  for,  II.,  99,  209 
Plasticity  of  clays,  II.,  142,  169 
Plate  glass,  IL,  242,  243,  251 

- figured,  II.,  261 

- manufacture,  II.,  260,  261 

- recipe  for,  IL,  253 

—  making  machines,  IL,  172 

—  powders,  IL,  419,  420 
Platinised  asbestos,  I.,  242 
Platinoid,  II.,  349,  352 

Platinum,  catalytic,  L,  240,  241,  245,  448, 
449 

—  colouring  pottery  with,  IL,  165 

—  oxidation  of  ammonia  by,  I.,  449 

—  price  of,  L,  233 

—  resistance  pyrometers,  I.,  67 

—  sulphate,  use  as  catalyst,  I.,  245 
Plumber’s  cement,  II.,  137 
Plunger  pumps,  I.,  233 

Pointed  enamel,  II.,  278 
Poisons,  catalytic,  I.,  240,  241 

—  in  water,  I.,  192 
Polarisation  voltages,  I.,  368 
Polishes,  II.,  414,  420-421 
Polishing,  II.,  4i3>  4U 

—  materials,  II.,  128,  403,  41 3-421 

—  mechanical  methods  of,  II.,  421 

—  powders,  IL,  419 

—  steel,  II.,  413 

Polonium,  IL,  386,  388,  391,  392 
Polyhalite,  I.,  329 
Polyoxides,  L,  421 
Polysius  tube  mill,  II.,  97 
Polysulphides,  ammonium,  I.,  494,  495 

—  disinfecting  properties  of,  II.,  13 
Pondermite,  L,  356,  357 

Pon sard’s  furnace,  I.,  44 
Porcelain,  II.,  183-190 

—  Beleck,  IL,  186 

—  bodies,  II.,  184,  186 

—  casting,  IL,  187 

—  cement  for  joining  metal  to,  IL,  137 

—  Chinese,  IL,  186 

—  clays  for,  IL,  145 

—  colouring  by  neodymium,  IL,  310 

- by  praseodymium,  II.,  320 

- by  titanium,  IL,  320,  328 

- by  tungstic  o^dde,  II.,  349 

—  —  by  uranium,  IL,  373 

—  decoration  of,  II.,  188,  189 

—  definition  of,  II.,  153 


Porcelain,  electrical,  IL,  185 

—  glassy,  IL,  185,  187 

—  glazing  of,  IL,  187,  188 

—  hard,  II.,  184,  187 

—  Japanese,  II.,  186 

—  manufacture  of,  II.,  186-190 

—  moulding,  II.,  187 

—  raw  materials  for,  II.,  183 

—  throwing,  II.,  187 

Porous  cells,  composition  of  walls,  I.,  36^^ 

369 

—  vessels,  manufacture  of,  I.,  419 
Porpora  glass,  colour  of,  II.,  267,  268 
Portland  cement,  II.,  87-112 

- adulteration  of,  IL,  1 1  r 

- analysis,  II.,  109,  119-125 

- clay  for,  II.,  145 

- composition  of,  IL,  108-111 

- constituents  of,  IL,  125 

- expansion  test  for,  II.,  124 

- natural,  IL,  78,  86 

- properties  of,  II.,  1 1 2 

- setting  of,  II.,  no,  in,  124 

- speci&ations  of,  IL,  108 

Possoz-Boissiere  process  for  cyanides, 

490 

Pot,  glass-maker’s,  IL,  232 
Pot-metal  colouring  of  glass,  II.,  267 
Potash,  consumption  of,  in  agriculture,  II. » 
40 

—  estimation  of,  IL,  46 

—  in  enamels,  II.,  278 

—  in  glaze,  II.,  162 

—  in  wood,  I.,  338 

—  manures,  II.,  40 

—  mica,  II.,  285 

—  water,  I.,  198 
Potassium,  estimation  of,  II.,  46 

—  alum,  II.,  55,  56  j  injurious  amounts 

in  water,  I.,  192 

—  auro-cyanide,  I.,  483 

—  bicarbonate,  L,  339 

—  bichromate,  I.,  339 ;  II.,  269 

—  bromate,  I.,  406 

—  bromide,  I.,  406 

—  carbonate,  conversion  into  ammoniuwa 

carbonate,  II.,  61 

- in  glass  making,  II.,  247,  253 

- manufacture,  I.,  337,  338,  339 

—  chlorate,  L,  385,  386,  387,  388 
- conversion  into  ammonium cblorat^^ 

II.,  61 

- current  for  production  of,  I.,  388 

- electrolytic,  L,  386,.  387,  388 

- formation  of,  I.,  388 

- solubility  of,  I.,  386 

- statistics  of,  I.,  360 


467 


SUBJECT  INDEX 


Potassium,  use  in  glass  making,  IL,  248 
- use  as  manure,  II.,  41 

—  chloride,  I.,  335,  336 

- electrolysis  of,  L,  386,  387 

- from  carnallite,  I.,  332 

- insolubility  in  caustic  alkalis,  L, 

373 

- manufacture  of,  I.,  336 

- manurial  value  of,  IL,  41 

- - statistics,  I,  332^  333 

—  chromate,  I.,  339 

—  chrome  alum,  IL,  56 

—  cyanate,  L,  484,  485 

—  cyanide,  L,  483 

- Beilby's  process  for,  L,  485 

- disinfecting  properties  of,  IL,  ii 

- from  atmospheric  nitrogen,  L,  490 

- from  potassium  ferrocyanide,  I., 

484-485 

- from  sulphocyanide,  L,  487,  488 

- price  of,  L,  484 

- Siepermann’s  process  for,  I.,  485 

- statistics,  L,  483,  484 

—  ferricyanide,  L,  493 

—  ferrocyanide,  L,  483,  484,  485,  491- 

493»  494 

—  fluorides,  L,  416 

—  fluotantalate,  IL,  339 

—  fluoxy-niobate,  IL,  339,  341 

—  hydroxide,  concentration  of,  L,  378, 

379 

- - disinfecting  properties  of,  IL,  13 

—  iodide,  L,  41 1,  412 

—  metasulphite,  I.,  256 

—  nitrate,  I.,  433*434 

— *  —  decomposition  of,  in  soil,  L,  429 

- formation  in  soil,  I.,  429,  434 

- in  glass,  II.,  248,  253 

- manufacture  of,  I.,  433,  434 

- - manure,  IL,  41 

- properties  of,  L,  434 

- solubility  of,  L,  434 

—  —  uses  of,  L,  434 

—  percarbonate,  L,  426 

—  perchlorate,  I.,  389;  IL,  6r,  248 

—  permanganate,  11.,  7 
- germicidal  value  of,  IL,  3 

—  persulphate,  I.,  425 

—  phosphate,  II.,  41 

—  salts,  L,  335-340 

- in  wool  washing,  L,  184  185 

- manufacture,  L,  264 

- manures,  IL,  40-41 

- removal  from  water,  IL,  60 

—  silicate,  use  as  manure,  IL,  41: 

—  silico-fluoride,  L,  415,  416 

—  superphosphate,  IL,  42 


Potassium  sulphate,  L,  337 

- statistics,  L,  332,  333 

- use  as  manure,  IL,  41 

—  sulphide,  fungicide,  11.,  18 
- statistics,  L,  289 

—  sulphocyanide,  L,  487,  488,  495 

—  titanium  oxalate,  IL,  327 

—  tri-iodide,  L,  41 1 
Potter’s  wheel,  IL,  169 
Pottery,  IL,  iS^'iSS 

—  classification  of,  IL,  152 

—  colouring  by  vanadium,  IL,  381 

—  furnaces,  L,  42  ;  IL,  177 

—  improvements  in,  IL,  155 

—  properties  of,  IL,  1 54 

—  varieties  of,  IL,  154 
Pouilly  cement,  IL,  86 
Powder,  light,  IL,  404 

Power-Gas  Corporation,  L,  121,  130, 
134 

Power,  water,  L,  36S 

Praseo-dymium,  colouring  porcelain  by, 
^  IL,  320 

—  in  glass,  IL,  320 

—  oxalate,  IL,  301 
~  sulphate,  II.,  301 
Precht’s  process,  L,  338 
Precious  stones,  IL,  63-65 
Precipitate  process  for  effluents,  L,  1B5 
Precipitated  phosphate,  IL,  28 

Press,  hydraulic,  for  filaments,  IL,  359 

—  for  earthenware,  IL,  171 
Pressed  glass,  IL,  242,  261 

Pressure,  effect  on  chemical  action,  L, 
364 

—  filters,  L,  466 
Primary  air  supply,  L,  31 
Printing  table,  IL,  180 
Producer,  central  blast,  L,  130 

—  circumferential  grate,  L,  129 

—  diagonal  grate,  I.,  129 

—  Kerpeley,  L,  130,  132 

—  Mond,  L,  129,  130 

—  Talbot’s,  L,  130,  131 

—  Taylor,  I,,  130 

—  types  of,  I.,  129 

—  gas,  L,  119 

—  —  advantages  of,  L,  131 

—  ~  ammonia  from,  L,  454,  462 

—  —  calorific  power  of,  I.,  128 

—  —  composition  of,  L,  *23,  127,  138 

—  —  odorising  of,  L,  133 

—  —  uses  of,  L,  129,  255 
Projectiles,  tungsten  in,  IL,  349 
Propane,  L,  103 

Propionic  acid,  disinfecting  properties. 

n.,  5 
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Protargol,  II.,  i6 
Protectyl,  II.,  15 
Proteid  ammonia,  L,  1 60 
Proteolytic  bacteria,  L,  427 
Prussian  blue,  I.,  493-494  ;  II.,  53 

- soluble,  I.,  494 

Prussiate  manufacture,  I.,  491-493 

—  recovery,  I.,  492-493 
Ptyalin,  II,,  7 
Pudierite,  II.,  375 
Puddling  clay,  IL,  147 

Pug  mills,  II. ,  99,  160,  206,  208 
Pumice,  II.,  414,  420 
Pumps,  acid,  I.,  231-233,  278 
- for  compressing  chlorine,  I.,  381, 

3^^,  3S3 

- vacuum,  II.,  353 

Purple  of  Cassius,  IL,  61,  109 
Purification  of  sulphuric  acid,  I.,  235 
Putresdbility  of  water,  determination  of, 
L,  194 

Puzzuolana  cement,  II.,  83,  85 
PyriaL  II.,  ii 
Pyridine,  I,,  456 
P3ndtes,  analj’sis  of,  L,  210,  211 

—  burner  gas,  I.,  214,  221 

—  burnt,  L,  214 

—  copper,  L,  206,  217 

—  furnaces,  I.,  213 

—  in  fire-clays,  II.,  230 

—  iron,  I.,  214 

—  kilns,  L,  21 1  et  seq. 

—  spent  oxide  from,  I.,  213 
P3rrogallic  acid,  germicidal  value,  II., 

3,  4 

Pyrogallol — see  Pyrogallic  acid 
Pyrolusite,  I.,  360 
Pyrometers,  L,  65-73;  IL,  177 

—  absorption,  I.,  67 

—  cements  for,  II.,  136 

—  Comu-Chatelier,  I.,  69 

—  Fery  radiation,  I.,  69,  70,  71,  73 

—  Fdry  spiral,  I.,  71 

—  Krupp^s,  I.,  75 

—  optical,  L,  67,  68,  69,  70,  71,  73 

—  photometric,  I.,  69 

—  platinum  resistance,  I.,  67 

—  Siemen's  water,  L,  75 

—  thermo-dectric,  L,  67,  68 

—  Wanner,  L,  69 
Pyrometric  heating  effect,  L,  i  r 
Pyrometry,  L,  65  et  seq, 

Pyrop^  II.,  63 

Pyrophoric  alloys,  IL,  316-318,  327 
Pyroscopes,  I.,  72,  73,  74,  75 
Pyroscopy,  L,  65  et  seq. 

Pyrosulphuric  acid,  I.,  247 


Pyrotechny,  I.,  354 
Pyrozone,  IL,  7 
Pyrrhottite,  I.,  206 


Q 

Quartz,  II.,  63,  184 
Quartz  glass,  II.,  270-274 
Quartzite,  Findling,  II.,  232 
— -  packing,  I.,  231 
Quicklime,  II.,  78 

—  disinfecting  properties,  II.,  13 

—  use  as  manure,  II.,  41 
Quicksilver  process  of  electrolysis,  I., 

374-375 

Quinol,  disinfecting  properties,  II.,  4  . 


R 

R.U.V.  steriliser,  I.,  171,  172 
Rabe  process,  I.,  245 
Radiations,  radio-active,  IL,  385 
Radio-actinium,  II.,  387 
Radio-active  elements,  IL,  383-398 

- average  life  of,  II. ,  386 

- disintegration  constant  of,  IL, 

386  ; 

- disintegration  series  of,  II.,  386, 

387 

- equilibrium  of,  II.,  387,  388 

- half-value  period  of,  II.,  386, 

387 

- literature,  IL,  383 

- medicinal  uses  of,  II.,  396-397 

- prices,  II.,  397-398 

- radiation  of,  II.,  384 

- similarity  to  other  elements,  II., 

387 

- technically  important,  IL,  388 

- testing,  II.,  395,  396 

- —  waters,  L,  158,  198 

Radio-eleifunts — see  Radio-active  elements 
Radio-lead,  II.,  391,  392 
Radio-thorium,  II.,  387,  388,  394,  395, 
398 

Radium,  IL,  384,  386,  388,  389,  390, 
39L  397,  398 

—  cost  of  manufacture,  II.,  397-398 

—  luminous  preparations  of,  IL,  397 

—  C,  IL,  385 

—  D,  II.,  388 

—  bromide,  IL,  391,  398 

—  carbonate,  390,  391 

—  chloride,  II.,  390,  391,  397,  398 

—  Institute,  II.,  389 
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Radium  sulphate,  IL,  390,  391 
Rags,  use  as  manure,  IL,  39 
Rails,  testing  joints  of,  II.,  72-75 

—  welding  by,  IL,  72 

Rain  water,  L,  157,  158,  159 
Ram  pumps,  IL,  89 

Ramie  fibre,  use  in  incandescent  mantles, 
IL,  304-305 

Rancidity,  removal  from  oil,  422 
Ransome’s  artificial  stone,  IL,  134 
Rape  cakes,  IL,  38 
Rape  seed  meal,  IL,  38 
Rare  earth  oxalates,  II.,  301 

- sulphates,  II.,  301 

Raschen  cyanide  process,  L,  487,  488, 
495 

Rathenau  furnace,  IL,  408 
Raw  cement  flour,  IL,  98 

—  —  meal,  IL,  98 
Rays,  a,  II.,  385 

—  IL,  385  ;  see  Beta  rays 

—  y,  II-.  385 

—  X — see  X-rays 
Reaction  towers,  L,  230 
Readman-Parker  phosphorus  process,  IL, 

424 

Receivers,  hydrochloric  acid,  L,  276, 
277 

Recovered  sulphur,  L,  204 
Recuperators,  L,  30,  34,  43,  44 
Red  bricks,  IL,  202 

—  burning  clays,  IL,  147,  160 

—  fire,  L,  354 

—  glass,  IL,  269 

—  lead,  as  flux,  IL,  163 

—  —  in  enamels,  IL,  279 

—  —  in  glass,  IL,  249,  2 50 

—  overglaze,  IL,  189 

—  phosphorus,  IL,  426,  427 

—  plague,  I.,  168 
Reducing  agents,  IL,  327,  391 
Refractory  bricks,  IL,  200 

—  clays,  II ,  147 

—  materials,  L,  58;  IL,  163,  229-234, 

333,  403,  405,  406 

Refrigerating  absorption  machines,  L,  81 
— -compression,  L,  77 

—  machines,  I.,  77  et  seq. 

—  mixture,  carbonic  acid  snow,  I.,  144 

Regenerators,  I.,  30,  34,  43,  54;  IL, 
V.  •  “55 

Reichardite,  I.,  329 
Reinforced  concrete,  IL,  118 

—  glass,  IL,  261 

Reisert  iron  removing  filter,  L,  180,  181 
— ■  rapid  filter,  I.,  162 

—  water-softening  patent,  L,  178 


Resorcin,  disinfecting  properties  of,  I  In 
34 

Retarders  of  setting  of  plaster,  IL,  16 
Retort  furnaces,  I.,  41,  43 
Retorts,  gas,  11.,  231 

—  graphite,  II,  405 

—  lutes,  IL,  135 
Reverberating  furnaces,  L,  39,  40 
Revolving  black  ash  furnace,  L,  292 
Rhenania  furnace,  I.,  215,  216,  218 
Rhodin  cell,  L,  375 

Rjukan  falls,  L,  441 
Rice-hulling,  IL,  403 
Riddled  guano,  IL,  42 
Rideal-Walker  carbolic  acid  coefficient 
IL,  1-3 

Ring  roll  mills,  11. ,  25 
River  water,  L,  158 
Robbia  ware,  IL,  157 
Robinson  washer,  L,  13 
Rock  crushers,  II.,  24 

—  crystal,  IL,  63 

—  salt,  L,  262,  263,  330 
Roland  Wild  calorimeter,  L,  9 
Roller  mills,  IL,  26,  93,  95,  96 
Rolls,  toothed  hedgehog,  IL,  92 
Roman  alum,  IL,  55 

Roman  cement,  IL,  85-86 
Rongalite  cone.,  L,  260 
Roscoelite,  IL,  375,  376 
Rosendale  Portland  cement,  IL,  86,  87 
Rosenhain  calorimeter,  L,  9 
Rotary  crusher,  IL,  86,  92 
Rotary  kiln,  IL,  80,  99-103 

—  —  fuel  requirements,  IL,  103 

—  —  plaster,  IL,  ii4»iis 

—  weigher,  IL,  108 
Rotation  of  crops,  L,  428 
Rottenstone,  IL,  420 
Room,  disinfection  of,  IL,  12 
Rouge,  IL,  164,  414,  419-420 
Rouge  flamb£‘,  IL,  164,  190 
Roulette  mill,  IL,  96,  97 

Rowart^s  sheet  glass  machine,  IL,  259 
Royle's  gravity  filter,  L,  164 

—  pressure  filter,  L,  165,  166 
Rubbers  ^bricks),  II.,  147 
Ruby,  artificial,  IL,  52,  64 

—  Balas,  IL,  63 

—  natural,  IL,  63,  64 

—  reconstituted,  IL,  64 

—  thermite  slag,  IL,  75 
Rudersdorf  kiln,  11.,  80 
Ruggles-Coles  drier,  IL,  83 
Rumford  kiln,  IL,  80 
Rupert’s  drops,  IL,  243,  246 
Russian  asbestos,  IL,  282 
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E.ust,  prevention  L,  173,  ijj  j  Salli  solnbilily  iti  waifr,  i»  joi 

—  joint  cement^  IL,  119,  136  :  Sfittdfir  gra%’ity  t»f  M4iitkiiw  of,  I.,  57^ 

— ■  removers,  IL,  420  —  L,  373 

Ruthenium,  catalytic,  I»,  471  ■  -  L,  3fi.1 

Rutile,  II.,  320,  323,  324,  328  '  un,  L,  17J 

I  iiic  ill  gla^H  iiiakiiig,  IL,  347 

■  me  m  gla/e,  II ,  irt.%  195 
S  :  -- umsw  iiiaiitirr,  II.,  41 


Saccharin,  antiseptic  pro{>erti€S,  IL,  fi 

Sachsenberg  sulphur  burner,  L,  319,  354  | 

Sack  fillers,  IL,  108 

Sackur*8  glass,  IL,  265 

Safflowers,  rouge  from,  IL,  410 

Sage  plaster  cement,  I L,  86 

S^er  ckys,  IL,  147 

Saggers,  IL,  176,  177 

Saint  Gobin  glass,  IL,  241 

—  Joachimsthal  minci,  IL,  389 

Sal  ammoniac,  L,  466 ;  see  kmmmimi 
^  M&nde 

Salicylic  acid,  disinfecting  properties  of, 

11.,  s 

Salol,  n.,  5 
Salophen,  IL,  s 
Salt,  L,  26i-a73 

—  antiseptic  properties  of,  IL,  14 

—  bay,  L,  s68 

—  by  freezing,  L,  365 

—  common,  1.,  t68 

—  composition  of,  L,  268 

—  cry^llisation  of,  I.,  268 

—  drying  of,  L,  266,  267,  268 

— •  electrolysis  of,  L,  369,  370,  388,  396-  : 
403 

—  fine-gnuned,  L,  267 

—  fishing,  L,  268 

—  from  rock  salt  by  fusion,  L,  371 

—  from  mk  water,  L,  264 

—  fuel  consumption  in  production  of,  L. 

270,  271 

glaze,  IL,  tda,  195 

—  grain  of,  L,  afiS,  270 

—  hopper,  L,  268 

—  insoluble  in  caustic  alkali  liquors,  I. 
.378,  379 

—  licks,  L,  268 

—  limits  in  water  for  fish  Itf^  L,  192 

—  lump,  L,  267 

—  melting  point,  L,  285 

—  occurrence  of,  L,  a6i 
--  pans,  L,  265,  366 
•—  prices,  L,  272,  273 

—  properties  of,  L,  371,  373 

—  rock,  I,  263 

—  saturated  solutions  of,  L,  304 

—  solar,  I„  264 


vacuum  evaparainN  for,  L,  369 
Salt  oko  profi-HS,  L,  375,  381,  389 
~  i*rt>|>erlii*s,  I  ,  3.S5 
S>tltj»etre,  t'hiU' :  we  C^t/c 
SttJmm  Hitmk 
— -  plantations,  L,  434 
sujJt'rphospfiatr,  IL,  43 
Salufcr,  i L,  it 

Samarskite,  IL,  391,  337,  338 
Sand,  IL,  163,  414 

—  dcfinmim  of,  IL,  144 

for  lime  !,and  britk*.,  IL,  333 

—  in  rby,  IL,  144 

—  in  glass,  IL.  353 

--  removal  from  iron « actings  nnd  graphite, 
L,  417 

—  use  as  aUiasive,  IL,  419,  431 
Sand  blast,  IL,  363 

—  ct’ineiil,  IL,  113 

—  filtration,  I„  i« 

Sand'Hme  bricks,  tl ,  301 
Sand  moulding,  IL,  sob 

—  paper,  IL,  417,  41X,  419 

—  scale,  L,  26S 

—  seal,  IL,  374 

Sand’s  siHea  glass  pri«:c«*,  IL,  373 
Sandarae,  IL,  252,  411 
Sandstone,  millstones  of,  I L,  4 1 4  4 1 5 

—  use  as  abrasive,  IL,  419 
San|t  de  Dtetif,  It.,  164 
Sanitaryware,  IL,  157,  193,  194 

—  —  enamelled,  IL,  376  377 
Sanilas,  L,  423  :  IL,  5,  6 
Santorin  earth,  IL,  82,  83 
Sa{>i)hire»,  artificial,  IL,  53,  63,  64,  65 
Satinite,  L,  345 

Saturators  for  ammonium  sulphate,  L, 
458.  4S9 

Savelsberg  furnace,  L,  a  16 
Scab  destroyers,  IL,  19 
Scaaliola,  II.,  130 
Scale,  L,  268,  347 

—  ammonia  srwa,  L,  307 

—  ammonia  stills,  L,  316 

—  Iroller,  L,  172,  173,  174 

—  prevention  of,  L,  « 75*176 

—  salt  pan,  L,  268 

SchaefiTer-Budenlrerg's  pyrometer,  L,  65 
Scheelite,  IL,  343,  344 
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Scheak’s  scarlet  phosphorus,  II.,  427 
Scherfenberg  furnace,  L,  213 
Schlempe,  ammonia  from,  I.^  454 

—  cyanide  from,  I.,  488-489 
Schlempekohle,  L,  338,  488 
Schlosing’s  process,  I.,  303 
Schlutius’  process,  L,  471 
Schmatolla's  kiln,  IL,  80 
Schneider  kiln,  IL,  105 
Schdnherr  furnace,  I.,  445 
Schonite,  L,  329,  330,  337 
Schofer  kiln,  II.,  79 
Scholefield  brick  machine,  IL,  210 
Schoop’s  electrolytic  bleaching  cell,  I., 

401,  402 

Schreib’s  carboniser,  I.,  307 
Schroeder  grillo  process,  L,  245 

—  red  phosphorus,  II.,  426 
Schuchtermann-Kremer  jig,  L,  15 
Schuckert  electrolytic  bleaching  cell,  L, 

396,  400,  401 

Schiitze  automatic  elevator,  L,  231,  232 
Schwartz  process,  IL,  224 
Schwerin  electrical  purification  of  clay, 
IL,  143 

Scoop-wheel,  IL,  89 
Scotfs  cement,  IL,  83 

—  electrical  furnace,  L,  446 

—  selenitic  cement,  II.,  83 
Scouring,  solvent,  L,  185 
Scrap  mica,  IL,  289 
Screen  separators,  IL,  28 
Screw  press,  IL,  35,  172,  173 
Sea  salt,  L,  262 

- manufacture  of,  L,  264,  265 

Sea  water,  action  on  cement,  IL,  iii- 
112 

—  —  composition  of,  I.,  262,  264 

- use  in  boiler,  L,  174 

- use  as  manure,  IL,  43 

Sea  weed,  iodine  in,  L,  407,  408 
Secondary  air  furnace,  L,  32,  43 
Sedimentation,  L,  158,  306 

—  sewage,  L,  186 
Seediness  of  glass,  IL,  260 
Seger's  cones,  L,  72,  73,  74 

—  ruby  glass,  IL,  267 
Sel  mixte^  L,  264 
Selektor,  I.,  15,  16 
Selenite,  I.,  346 

Selenium,  colouring  glass  with,  IL,  269 

—  in  glass,  IL,  250 
Self-hardening  steel,  IL,  349 
Semi-continuous  kilns,  IL,  216,  217 
Semi-dry  process  for  bricks,  IL,  210-212 
Semi-water  gas,  L,  119,  126,  127 


Sentinel  pyroscopes,  L,  72 
Separators,  II.,  28 
Septic  tanks,  I.,  186 
Serpek  process,  I.,  473-474 
Serpentine  asbestos,  IL,  282 
Setting  of  cement,  IL,  85,  105,  106,  no, 
nr,  122,  X24 

—  of  plaster  of  Paris,  L,  348  ;  IL,  n6 

—  of  Portland  cement,  IL,  85,  105,  106, 

no,  122,  124 
Setting  ovens,  IL,  175 
Severn  glass  bottle  machine,  IL,  257 
Sevres  ware,  IL,  189 
Sewage,  ammonia  from,  L,  455 

—  analysis  of,  L,  190,  19 1,  192,  193, 

194 

■ —  constituents  of,  L,  183 
disinfection  of,  IL,  8-9 

—  disposal  of,  L,  183,  186  et  seq, 

—  filters  for,  I.,  188,  189,  190 

—  grease  recovery  from,  L,  191 

—  injurious  substances  in,  L,  192 

—  Local  Government  Board  requirements, 

L,  190 

purification  of,  L,  188,  189,  190 

—  sludge  as  manure,  IL,  42,  43 
Shaft  kilns,  L,  41 ;  IL,  104 

—  soot,  IL,  39 
Shaking  cooler,  IL,  103 
Shales,  IL,  148 

—  alum,  IL,  144 

—  ammonia  from,  L,  454 

—  oil,  L,  25  ;  IL,  148 

Shank’s  lixiviating  process,  L,  293 

Sheep4ips,  IL,  18-20 

Sheet  glass,  IL,  253,  258,  259,  260 

—  —  crown,  IL,  260 

—  —  fluted,  IL,  260 

—  mica,  IL,  287 

Shellac,  use  in  polishes,  IL,  421 
Shells,  IL,  78 

—  use  as  manure,  IL,  41 
Shenstone  fused  silica  process,  IL,  272 
Shippenbach  furnace,  L,  216 

Ships,  disinfection  of,  II.,  12 
Shoddy,  manurial  use  of,  IL,  39 
Shoe  polishes,  IL,  421 
Shrinkage  of  clays,  IL,  142 

—  ~  earthenware,  IL,  174 
Sicily  sulphur  deposits,  L,  201 
Sideraphit,  IL,  349 

Sidero  cement,  IL,  112 
Siemens’  furnace,  L,  43,  132 

—  pyrometer,  L,  75 

Siemens-de  Vrise  water  ozonising  tower, 

153 
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Siemens  -  Halske  electrolytic  bleaching 
plant,  L,  399 

- ozone  plant,  L,  147,  151,  152 

Sienna,  II.,  164 
Siepermann’s  process,  I,  485 
Sieveless  ball  mill,  II.,  106 
Sievert’s  glass  machine,  IL,  259-260 
Silica,  IL,  63 

—  bricks,  IL,  232 

—  chemical  constitution  of,  IL,  2 38 

—  cyclic  structure  of,  IL,  238 
detection  by  dyes,  IL,  1 1 1 

—  estimation  of,  IL,  itg 
~  for  glass,  IL,  247 

—  fused,  IL,  270-274 

—  in  water,  L,  173 

— *  Martin’s  theory  of,  IL,  238 
properties  of,  iL,  273,  274 
thermometers,  IL,  274 

—  tridymite  from,  IL,  233 

—  use  as  manure,  IL,  41 

—  vessels,  L,  236 
Silica  glass,  IL,  270-274 

—  properties  of,  IL,  273-274 

—  —  vacuum-tight  seals  for,  IL,  274 
Silica-free  glasses,  IL,  251 
Silicates,  IL,  63 

—  Asch’s  theory  of,  IL,  236-241 

•—  chemical  composition  of,  IL,  236*241 

—  lutes  and  cements  for  acids,  IL,  135 
*—  manurial  value  of,  IL,  41 

—  sodium,  L,  133-134 
Silicic  acids,  glass,  IL,  247 
Silicofluoride,  sodium,  L,  41S 

—  waterproofing  plasters  by,  IL,  U9 
Silico-phosphonc  acid,  11 , 425 
Silico-titanium,  IL,  327 

Silicon,  IL,  406,  407 

—  acid  resisting,  1.,  249 

—  bonds,  IL,  237  23S 

—  hydrogen  from,  L,  116 

—  literature,  IL,  399 

—  properties  of,  II ,  406,  407 
Silicon  carbide— see  Carhmptd&m 

—  iron,  L,  236,  249,  277,  278 

—  monoxide,  IL,  403,  404 

—  nitride,  L,  474 

—  tetrafluoride,  L,  416,  417,  418 

Silk,  artificial,  use  in  incandescent  mantles, 
IL,  304,  305,  312,  313 

—  weighting  of,  IL,  320,  334,  349 
Sillimanite,  11.,  140 

Silos,  cement,  IL,  98,  991  ro6,  107 

—  mixing,  IL,  99 
Siloxicon,  IL,  399,  401,  403 
Siloxide,  L,  236 


Silundum,  IL,  403 
Silver,  colouring  glass  with,  IL,  269 
pottery  with,  IL,  165,  189 

—  citrate,  disinfecting  properties  of,  IL, 

16 

—  fluoride,  disinfecting  properties  of,  IL, 

16 

~  lactate,  disinfecting  properties  of,  IL, 
16 

—  mirrors,  IL,  263 

—  nitrate,  disinfecting  properties  of,  IL, 

16 

~  overglaxe,  IL,  189 

—  phosphide,  IL,  426 

™  salts,  disinfecting  properties  of,  IL, 
16 

— “  stain  glass,  II ,  269 

Bilvesteris  waterproofing  process,  IL,  118 

Simon’s  sack  fillers,  IL,  108 

Siring  pa|>ttr,  IL,  57 

Skin  meal,  IL,  39 

Skins,  deliming  of,  I.,  419 

Slag,  blast  furnace,  IL,  131,  252 

—  blocks,  II ,  130 
--  cement,  IL, 

—  drying,  H.,  83-84 

—  granulating,  II.,  83 

—  sand,  IL,  83 

—  use  in  glass  making,  IL,  252 
Slaked  lime,  L,  341 ;  IL,  78 
Slates,  IL,  148 

Slip,  L,  348;  IL,  88,  1 59,  166,  167 
Slop  moulding,  IL,  206 
Sludge,  disjKisal  of,  I.,  191 

—  use  as  manure,  L,  191,  193 
Slurry,  IL,  88,  166 

Small  coal,  L,  7 
Smidth  cxKiler,  IL,  tos 
Smith’s  hearth,  L,  62,  63 
Smoke,  L,  47,  48 

—  causes  of,  L,  47,  48 

~  prevention  of,  L,  33,  34,  36,  48,  *33 

—  waste  fuel  in,  L,  30,  31,  47,  48 
Smokeless  coals,  L,  6 

Snelus  cement,  IL,  85 
Soaking,  IL,  178 
Soa^  aluminium,  IL,  57 

—  disinfecting  properties  of,  IL,  13 
™  d^,  L,  426 

—  use  as  lutes  and  lubricants,  IL,  137 
»  use  as  polish,  IL,  421 

Soft  water,  L,  160,  172,  1S2 
Soda— 'see  S^mm  mrhnaii 
Soda,  caustic— Sodium  M^dr^xide 

—  in  enamels,  IL,  278 

“  in  ffkss  making*  II..  aaS 
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Soda  ash,  I.,  295 

- yield  by  ammonia  soda  process,  I., 

324 

—  crystals,  I.,  327 

—  lakes,  I.,  287,  299 

—  lime  glass,  expansion  of,  IL,  245 

—  water,  L,  197,  198 
Sodamide,  I.,  486,  487 
Sodium,  action  on  water,  I.,  no 

—  cyanides  from,  I.,  484 

—  metallic,  L,  485 

—  quantity  liberated  by  electrical  current, 

L,  367,  368 
Sodium  alum,  II.,  56 

—  aluminate,  I.,  474;  IL,  50,  51,  52, 

56 

—  amalgam,  L,  374,  375 

—  arsenite,  disinfecting  properties  of,  IL, 

20 

—  azide,  I.,  496 

Sodium  bicarbonate,  L,  141,  327,  328 

- calcination  of,  L,  318 

- composition  of  crude,  L,  311 

- heat  of  calcination,  1,319 

- heat  of  decomposition,  L,  319 

- precipitation  of,  L,  307,  308 

—  —  solubility  of,  L,  301 

- temperature  of  decomposition,  L, 

.319 

Sodium  bisulphate,  L,  285 

- disinfecting  properties  of,  IL,  1 2 

- germicidal  value  of,  IL,  3 

—  bisulphite,  I.,  407 

—  borofluoride,  II.,  11 

—  bromate,  I.,  406 

Sodium  carbonate,  I.,  287-328 

- in  glass  making,  IL,  247,  253 

- - hydrates  of,  I.,  327 

—  —  limiting  amounts  in  water  for  fish, 

L,  192 

- - manufacture  by  ammonia  soda 

process,  L,  299,  328 

—  —  manufacture  by  electrolysis,  L, 

370 

- manufacture  by  Leblanc  process,  L, 

291-298 

- natural,  L,  287,  299,  300 

- removal  from  water,  IL,  60 

- statistics,  I.,  289 

—  —  use  as  anti-incrustator,  I.,  176 
Sodium  chloride,  L,  261-273;  see  also 

Salt 

- electrolysis  of,  I.,  388 

- solution  in  ammonia,  I.,  302 

—  —  voltage  necessary  for  decomposition 

of,  L,  368 


Sodium  chlorate,  L,  385,  386,  388 

—  cyanamide,  conversion  into  sodium 

cyanide,  L,  491 

Sodium  cyanide,  L,  483,  483 ;  Castner 
process  for,  L,  486 

—  —  disinfecting  properties  of,  H.,  1 1  ; 

from  cyanamide,  L,  490,  491 ;  from 
schlempe,  L,  489 

- statistics,  L,  483 

Sodium  diuranate,  IL,  372 

—  ferrite,  L,  296 ;  IL,  50 

—  formaldehyde  bisulphite,  L,  260 

- - -  sulphoxylate,  L,  260 

Sodium  ferrocyanide,  I.,  485,  491,  493 

- —  manufacture  of,  L,  49X-493 

- properties  of,  L,  491 

—  hydrogen  sulphate,  L,  285 

—  hydrosulphite  —  see  Sodium  hypo¬ 

sulphite^  L,  260 

—  hydroxide— see  also  under  Caustic  soda 

—  —  amount  liberated  by  electrical 

current,  L,  367,  368 

—  concentration  of,  L,  378,  379 

—  —  disinfecting  properties  of,  IL,  13 

—  electrolytic,  statistics  of,  L,  360, 

379 

—  hydroxy  mercury  benzoate,  IL,  15 

—  hypochlorite,  L,  397,  402 

—  —  disinfecting  properties  of,  L,  402  ; 

IL,  8-9 

—  — •  solid,  L,  402 

—  hyposulphite,  L,  259,  298 

—  iodate,  I.,  407,  431,  434 

—  iodide,  L,  411 

—  nitrate,  L,  420,  43x*433 

—  —  ammonium  nitrate  from,  L,  326 

—  —  mining  of,  431,  432 

—  —  nitric  acid  from,  L,  437 

—  —  occurrence  of,  L,  431: 

—  —  properties  of,  L,  432 

—  —  statistics  of,  L,  432  ;  IL,  47 
- uses  of,  L,  433;  IL,  36-37 

—  nitrite,  L,  436,  447,  448 

—  —  nitrate,  L,  448 

—  paratungstate,  IL,  349 
— •  perborate,  L,  425,  426 

—  percarbonate,  L,  426 

—  perchlorate,  I.,  388,  389,  431,  434 

—  permanganate,  IL,  7 

—  permutite,  IL,  60 

—  peroxide  L,  421,  423 

- - -  disinfecting  properties  of,  IL,  7 

—  —  water  purification  by,  L,  167 

—  potassium  cyanide,  L,  485 

—  pyrosulphate,  L,  438 
pyrovanadate,  IL,  378 
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Sodium  salts,  removal  from  water,  11. 
6o 

—  sesqui-carbonate,  L,  328 

—  silicate,  IL,  1 33-1 34 

- cements,  IL,  i35-i37>  4^5 

—  —  manure,  IL,  41 

- waterproofing  by,  IL,  riq 

—  silicofluoride,  L,  418 
- waterproofing  by,  IL,  119 

—  sulphate,  L,  281-285,  330,  438 

- ammonia  soda  process,  I.,  326 

- for  glass,  IL,  247 

- in  soil,  L,  287 

- iron  free,  L,  283 

- properties  of,  L,  285 

—  sulphide,  I.,  286,  296 
- statistics,  L,  289 

—  sulphite,  L,  256 

—  sulphocyanide,  L,  487,  495 

—  thiosulphate,  L,  259,  298 

—  titanium  sulphate,  II.,  328 

—  tungstate,  IL,  349 
Soffioni,  L,  355 

Soft  mud  machines,  IL,  206 
Soils,  IL,  148 

—  nitrates  in,  L,  427,  428,  429,  434 
Solar  salt,  L,  264 

Solid  ammonia,  1.,  467 

—  carbon  dioxide,  L,  143 

—  fuels  prepared,  I.,  16,  21 

—  sodium  aluminate,  IL,  56 

—  solutions,  IL,  140,  241,  267 
Solo  mill,  IL,  98 

Soluble  anhydrite,  L,  347 

—  glass,  IL,  133-X34;  see  Sodium 

silicate 

—  Prussian  blue,  1 , 494 

—  superphosphate,  IL,  31 
Solvay-Kellner  cell,  L,  375 
Solvay  towers,  I.,  307 
Solvent  scouring,  L,  185 
Soot,  L,  48 

—  analysis  of,  IL,  39 

—  use  as  manure,  IL,  39 

Sorel  cement,  L,  366 ;  IL,  X27,  128,  130, 

415 

Spackman  kiln,  IL,  103 

Spanish  ware,  IL,  157 

Specific  gravity,  determination  of,  IL,  120 

- of  slips,  IL,  167 

- of  sulphuric  acid,  L,  249 

Spent  oxide,  L,  210,  213,  214 
- arsenic  in,  L,  2x3 

—  —  from  gas  works,  L,  493 
Spiders,  IL,  355,  364 
Sphene,  IL,  63,  323,  324 


,  I  Spinel,  IL,  63,  64 
Spissograph,  IL,  124 
Spogumene,  IL,  63 

Spontaneous  combustion  of  coal,  L,  19 
Sprays,  water,  in  acid  chambers,  L,  233 
Sprengel  pump,  IL,  353 
Spring  waters,  L,  158,  159 
Spun  glass,  II.,  244 
Stable  soluble  blue,  I.,  494 
Staff,  L,  349 ;  IL,  ii8 
Staffordshire  kiln,  IL,  222 
Stage  kiln,  IL,  104 
Stained  glass,  IL,  267 
Stains  (earthenware),  II,  i  S  7 “  1 59 
Stamp  mills,  IL,  26 
Stamping  mills,  IL,  414 
Stannic  oxide,  use  in  glasses,  IL,  165 
Stassfurt  deposits,  L,  329’“333,  335,  403; 
IL,  40 

Statuary  porcelain,  IL,  154 
Stead’s  process  for  carbon  dioxide,  L, 
142 

Steam,  action  on  carbon,  L,  1 24 

—  superheated,  for  ammonia  distillation, 
L,  317 

Steam  boiler  furnaces,  L,  31-39 

—  —  gauges,  glass  for,  IL,  265 

—  coal,  L,  6 

—  generation  by  surface  combustion,  L, 

59 

“  jets,  replacing  by  water  sprays,  L,  223, 

233 

—  Joints,  amounts  for,  IL,  136 

—  navvy,  IL,  202 

—  pipes*  lagging  for,  IL,  133,  134,  136 
Stearic  acid,  L,  1x8 
Steatite,  IL,  184 
Steel,  chromium,  IL,  69 

—  crushed,  use  as  abrasive,  IL,  419 

—  enamelled,  IL,  276-277 

—  high  speed  tool,  II.,  381 
•—  making,  use  of  CO«j  in,  L,  144 
~  man|anese,  IL,  70 

—  melting  by  thermite,  IL,  72 

—  molybdenum,  IL,  70 

—  refining,  IL,  326 

—  self-hardening,  IL,  349 

—  tool,  IL,  70 

—  uranium,  IL,  372,  373 

—  use  of  titanium  for  refining,  IL,  326 
Stein  ribbed  kiln,  IL,  105 
Stellite,  IL,  349 
Sterilisation  of  water,  L,  1S2 
_  _  _  by  ultra-violet  rays,  IL,  372 
Sterilised  water,  use  of,  L,  172 
Sticking  up  eartibenware,  IL,  172 


475 


SUBJECT  INDEX 


>tiff-plastic  process  for  bricks,  II.,  208-210 
tilbite,  II.,  59 

tills,  ammonia — see  Ammonia  stills 
took  bricks,  II.,  199 
tone-breakers,  II.,  92,  414 
tones,  artificial,  L,  419*  IL,  129-130 

-  Cornish — see  Cornish  stones 

-  in  glass,  II.,  260 

-  precious — see  Precious  stones 

-  Ransome's  artificial,  II.,  134 
-reconstructed,  IL,  130 
toneware,  II.,  154,  193-198 

-  chemical,  IL,  195 

-  culinary,  IL,  195 

-  fine,  IL,  194 

tove  polishes,  II. ,  421 
trass,  IL,  65,  265,  266 
triae  in  glass,  IL,  260 
tringiness  of  glass,  IL,  260 
trontium,  metallic,  L,  353 

-  uses  of,  I.,  354 

trontium  chloride,  L,  192,  353 

-  dioxide,  I.,  353 

-  hydroxide,  L,  353,  354 

-  oxide,  L,  353 

-  nitrate,  L,  354 

-  salts,  L,  353-354 
:ruvente,  IL,  323,  324 

:uart’s  granolithic  stone,  IL,  129 
:ucco,  IL,  18 

lurtevant  Newaygo  separator,  IL,  27 
iblamen,  IL,  15 
icrates,  I.,  488 
iction  gas-producer,  L,  135 
lerth  system,  L,  142 

igar  industry,  use  of  permutite  in,  IL, 
60 

- of  strontium  salts  in,  L,  354 

-  manufacture,  L,  144 

-  refining,  water  for,  L,  183 
ilis  water,  I.,  198 

ilphate,  calcium,  L,  174,  175;  see 
Calciufn  sulphate 

-  estimation  of,  IL,  120 

■  in  water,  I.,  160,  173,  178 
ilphate  of  alumina— “See  Aluminium 
sulphate 

•  of  ammonia — see  Ammonium  sulphate 

•  of  potash^ — -see  Potassium  sulphale 
ilphides,  estimation  of,  IL,  120 
ilphites,  analysis  of,  I.,  256 

•  disinfecting  properties  of,  IL,  13 

•  manufacture  of,  L,  253-256 
ilpho-cyanides,  recovery  from  coal-gas, 

I,  494-495 

•  synthetic,  I.,  495 


Sulphur,  I.,  201-206 

—  Chance-Claus  process  for,  L,  298 

—  disinfecting  properties  of,  IL,  13 
estimation  of,  IL,  120 

—  extraction  of,  L,  201-203 

—  fungicidal  value  of,  IL,  17-18 

—  in  cement,  II.,  109 

—  occurrence,  L,  201 

—  properties  of,  I.,  205 

—  recovered,  L,  204,  298 

—  refining  of,  I.,  202 

—  removal  from  coke,  L,  19 

—  statistics,  L,  203 

—  uses  of,  I.,  205 

—  varieties  of,  L,  205 

Sulphur  burners,  I.  217-220,  254-256 
Sulphur  dioxide,  analysis  of,  L,  256 

—  —  anhydrous,  L,  253,  254 

- - detection  in  HCl,  L,  278 

- disinfecting  properties  of,  IL,  12-13 

- —  estimation  of,  L,  221 

—  —  kilns  for,  L,  211-220 

_  _  latent  heat  of  evaporation,  L,  80 

—  —  manufacture  of,  L,  253-256 

—  —  oxidation  of,  L,  223,  225,  239,  240, 

241 

- — -  poisoning  of  plants  by,  L,  256 
— -  properties  of,  L,  256 

—  —  purification  of,  for  contact  process, 

!•>  *43.  *44 

—  —  tension  of,  L,  256 

—  —  uses,  L,  78,  79,  253,  256 

—  —  vapour  tension  of,  L,  79 

—  dyes,  L,  268 

—  fungicides,  11.,  17 

—  trioxide,  abso^tion  of,  L,  243,  244,  245 

—  —  condensation  of,  L,  245,  246 

—  —  estimation  of,  L,  221 

—  —  formation  of,  L,  239,  240,  241,  246 

—  —  heat  of  formation,  L,  240,  241 

—  • —  Mannheim  process  for,  L,  244 

—  —  properties  of,  L,  246,  247 

—  —  Schroeder-Grillo  process  for,  L,  245 

—  —  temperature  of  formation,  L,  240, 

241,  242,  243 

—  —  theory  of  formation,  L,  241,  242 
Sulphuretted  hydrogen,  L,  260 

—  —  furnace  for  burning  to  sulphur,  L, 

219,  220 

—  ~  poisonous  amounts  of,  L,  192 

—  —  sulphuric  acid  from,  L,  21Q 

—  ™  treatment  of,  L,  461 
Sulphuric  acid,  L,  207  et  w/. 

—  —  action  on  metals,  L,  249 

—  —  analysis  of  raw  materials,  L,  210 

—  arsenic  free,  L,  217 
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Sulphuric  acid,  arsenic  in,  L,  235 

- boiling  point  of,  I.,  238,  248 

- chamber  process  for,  I.,  206 

- concentration  of,  I.,  235 

- contact  process  for,  L,  206,  210, 

239 

- conveyance  of,  L,  251 

- costs  of  manufacture,  L,  246,  247 

- decolorisation  of,  I.,  246 

- decomposition  of,  I.,  238 

- disinfecting  properties  of,  II.,  12 

- distillation  of,  I.,  235 

- electrolysis  of,  I.,  114 

- estimation  of,  I.,  252 

- formation  of,  I.,  223,  225 

- from  galena,  I.,  210 

- from  spent  oxide,  I.,  210 

- from  zinc  blende,  I.,  210  -  . 

- fuming,  I.,  251 

- heat  of  formation,  L,  225 

- hydrates  of,  I.,  247 

- impurities  in,  I.,  250 

- injurious  amounts  in  water,  I.,  192 

- methods  of  production,  I.,  208 

— . —  nitrogen  oxides  in,  I.,  251 

- non-fuming,  I.,  248 

- ordinary,  I.,  247,  248 

- poisoning  by,  I.,  248 

- ^  raw  materials  for,  I.,  206 

- removal  from  HCl,  I.,  278 

- removal  of  nitrogen  oxides  from, 

I-,  235  _ 

- statistics,  I.,  205 

- specific  gravity,  I.,  249,  250,  251 

- storage  of,  I.,  251 

- sulphur  dioxide  for,  I.,  2 1 1  et  seq. 

- transport  of,  I.,  238 

- uses  of,  L,  208,  252 

- varieties  of,  I.,  248 

- vessels  for,  I.,  252 

- water  sprays  for,  L,  225,  233 

- yield  of,  L,  225 

Sulphurous  acid,  disinfecting  properties 
of,  II.,  12-13 

- injurious  amounts  in  water,  L,  192 

- properties  of,  I.,  256 

- bacterial  power  of,  I.,  158,  169 

Super  cement,  IL,  112,  119 
Superheated  steam,  I.,  49,  317 

—  water,  action  on  glass,  II.,  246 
Superheater,  I.,  41,  42,  49 
Superoxides,  I.,  421 

—  ammoniated,  I.,  467 
Superphosphate  dens,  I.,  418 ;  IL,  30 

—  industry,  hydrofluorsilicic  acid  from, 

L,  417-419  . 


Superphosphate  manufacture,  II.,  28-32 

—  plant,  II.,  28-32 

—  statistics,  IL,  47 
Surface  clays,  II.,  148 

—  combustion,  L,  57,  58,  62,  63,  132 
Sutton-Steele  dry  concentration  table,  IL, 

295 

Swimming  baths,  disinfection  of,  IL,  9 
Swing-jaw  stone-breaker,  IL,  92 
Sylvin,  L,  329,  330,  336 
Synthetic  ammonia,  L,  118,  441,  455, 
469-474 

—  sulpho-cyanides,  I.,  495 
Syphilis,  L,  423;  II.,  15 


T 

Table  glass,  IL,  242,  251 

—  salts,  I.,  268 
Tachiol,  IL,  16 
Tachhydnte,  I.,  329 
Tacoma  nitrate  beds,  L,  433 
Tafelglas,  II.,  251 

Talbot  producer,  L,  130,  131 
Tantalic  oxide,  IL,  337 
Tan,  in  boilers,  L,  175 
Tangential  chambers,  Meyer’s,  L,  227 
Tank  waste,  I.,  294 

Tannic  acid,  use  as  stove  polish,  IL,  421 
Tantalite,  II ,  337,  338 
Tantalum,  II.,  337-341 

—  estimation  of,  II.,  341 

—  manufacture,  II.,  338-339 

—  melting  point  of,  II.,  355 

—  metallic,  II.,  338-341 

—  properties  of  metallic,  II.,  340 

—  use  as  a  filament,  II.,  355 

—  uses,  II.,  340 
Tantalum  alloys,  IL,  341 

—  electrodes,  IL,  341 

—  instruments,  II.,  340 

—  lamp,  IL,  356-357 
- efficiency  of,  IL,  366 

—  ores,  IL,  338 

—  pens,  II.,  341 

—  tools,  II.,  340 

Tantiron,  L,  236,  249,  277,  278 
Tapiolite,  II. ,  338 
Taps,  stoneware,  II.,  196 
Tar,  L,  52,  55 

Tarapaca  nitrate  beds,  I.,  431,  433 
Tartaric  acid,  II.,  5 

Taylor’s  furnaces  for  carbon  disulphide 
L,  257,  258 
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aylor  producer,  I.,  130 
eeth,  artificial,  II.,  19 1 
eissier-Chaillan  hydrogen  process,  I., 
117 

ellurium  colouring  glass,  11. ,  269 
emperature  of  combustion,  lowering  of, 
L,  4^0 

-  exchanger,  L,  84,  85 
»  of  ignition,  I.,  44 

emperatures,  highest  attainable  by  fuels, 
L,  45,  46 ;  see  Calonfic  intensity 
'emporary  hardness,  I.,  172 
'ender  clays,  II.,  148 
ensile  strength,  estimation  of  cement, 
II.,  T2I 

entelew’s  process,  L,  245 
'erra  alba,  I.,  345 
erra-cotta,  IL,  152,  226-227 
'estalin,  II.,  57 

esting  raw  materials  in  pottery,  IL,  165 
etmajer’s  instrument,  IL,  123 
extile  industry,  effluents,  I.,  183 

- use  of  tungsten  in,  IL,  349 

'helen  evaporator,  I.,  294 

-  pans,  L,  318,  319 

'hermal  syndicate  process,  IL,  273 
'hermite,  I.,  i ;  IL,  67-75 
~  alumina  from,  IL,  52 

-  bombs,  IL,  71,  72 

-  fire,  IL,  71 

--  heat  of  reaction,  IL,  7 1 

-  slag,  IL,  75 

-  steel,  IL,  75 

-  use  as  heating  agents,  II.,  71,  72 
“  welding  rails  by,  II.,  72 
"hermo-electric  pyrometer,  I.,  67,  68 
Thermometers,  I.,  65,  66,  67 

-  air,  L,  65,  67 

-  electrical,  I.,  65,  66 

-  glass  for,  IL,  265,  270 

-  mercurial,  L,  65,  66 

-  silica,  II.,  274 

rhermoscopes,  Holdcroft’s,  L,  73,  74 
Thickening  liquids,  IL,  404 
Thiocyanates,  L,  494;  see  also  Sulpho- 
cyanides 

Thiogen  process,  I.,  204 
Thiophosphites,  IL,  431 
Thiosulphate,  sodium,  I.,  259,  298 
Thomas-Gilchrist  furnaces,  bricks  for,  IL, 
233 

- process,  II.,  32,  33 

-  phosphate,  IL,  32,  33 

-  slag,  II.,  32,  33 
Thoria,  II.,  291 

catalytic  oxidation  of,  I.,  449 
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Thoria,  effect  of  cerium  on  luminosity 
of,  IL,  303,  304 

—  recovery  from  waste  mantle  ash,  H., 

302 

—  volume  from  nitrate  by  ignition,  H.^ 

304 

Thorianite,  IL,  292,  296,  297,  369,  388 
Thorite,  IL,  291,  292,  296,  297,  369 
Thorium,  II.,  291-361 

—  colloidal,  IL,  315,  363 

—  disintegration  of,  II.,  386 

—  melting  point  of,  II.,  355 

—  radio-activity  of,  IL,  384 

—  radio-active  constants  of,  IL,  387 

—  sources  of,  II.,  388 

—  use  as  a  filament,  II.,  355 

Thorium  compounds,  uses,  IL,  299, 
31 1: 

—  D,  IL,  385 

—  emanation,  IL,  395 

—  minerals,  IL,  297,  298 

—  nitrate,  297,  299-303 

—  oxalate,  IL,  301 

—  series,  II.,  387 

—  silicate,  II.,  296 

—  sulphate,  II.,  300 
Thorna  furnaces,  I.,  213 
Throwing  clay,  II.,  170 

—  porcelain,  II.,  187 
Thuringen  glass,  IL,  242 

Thwaite  cupola  producer,  L,  122,  123 

—  simplex  producer,  L,  129 
Thymol,  use  as  disinfectant,  IL,  4 
Tiles,  IL,  157,  197-198,  225-226 

—  encaustic,  IL,  225 

—  glazed,  II.,  226 

—  literature,  IL,  225 

—  paving,  IL,  225 

—  roofing,  II.,  225 

—  tests  for,  IL,  198 
Tin  alloys,  IL,  70 

—  chloride,  colouring  pottery  with,  II., 

165 

—  oxide,  IL,  189 

- colouring  glass  with,  II.,  269 

- in  enamels  IL,  277 

- in  glazes,  IL,  165 

—  pinks,  IL,  165 
Tincal,  II.,  162 

Tindal-de  Vrise  ozoniser,  I.,  148 
Titaniferous  iron  ore,  IL,  323,  324 
Titanite,  II.,  323 
Titanium,  II.,  323-330,  355 

—  alloys,  IL,  70,  318,  325-327 

—  estimation  in  steel,  IL,  329 

—  literature  of,  IL,  323 
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Titanium,  metallic,  II.,  327 

—  nitrogen  fixation  by,  IL,  327 

—  occurrence  of,  IL,  323-324 

—  pyrophoric  alloys,*  IL,  327 

—  statistics  of,  IL,  325 

—  utilisation  of,  IL,  325-329,  355 
Titanium  aluminium  alloy,  IL,  325,  327 

—  carbide,  IL,  326  ;  electrodes,  II.,  328  j 

filaments,  IL,  328,  366 

—  copper  alloys,  IL,  327 
— -  dioxide,  IL,  323,  324 

—  ferro  alloys,  IL,  325-327 

—  filaments,  IL,  366 

—  lactates,  IL,  328 

—  minerals,  analysis  of,  IL,  329 

- - value  of,  IL,  324,  325 

—  nitride,  L,  474;  IL,  327 

—  ores,  IL,  324 

—  oxide,  IL,  189,  19 1 

—  pigments,  II.,  328 
— -  salts,  uses,  IL,  320,  328 

—  silicon  alloys,  IL,  327 

—  thermite,  IL,  70 
Titanous  chloride,  IL,  327 

—  sulphate,  II.,  327 
Tobacco  dips,  IL,  20 

—  extracts,  II.,  20 
Tobacco-sulphur  dips,  IL,  19-20 
TombMe-Paul  furnace,  L,  219 

- sulphur  burner,  L,  254 

Toning  solutions,  vanadium,  IL,  381 
Tools,  tantalum,  IL,  340 
Tooth-powders,  L,  422,423;  IL,  419 
Toothed  hedgehog  rolls,  IL,  92 
Topaz,  IL,  63 
Tdpler  pumps,  IL,  353 
Torbeanite,  IL,  370,  371 
Totenhaupt’s  phosphorus,  IL,  427 
Tourmaline,  IL,  163 
Tower  acid,  L,  248 

—  hydrochloric  acid,  L,  279 

—  systems  for  sulphuric  acid,  L,  238 
Towers,  absorption,  L,  277,  304,  305 
— -  Gaillard,  L,  236 

—  packing  for,  L,  23T 
— ■  Solvay,  L,  307 

—  theory  of,  L,  229 
Town  refuse,  use  as  manure,  IL,  42,  43 
Townsend  cell,  L,  371,  373 
Transvaal  gold  industry,  L,  483,  484 
Trass,  IL,  82,  83 
Travancore  monazite,  IL,  292 
Tremolite  asbestos,  IL,  281,  282,  284 
Trials,  L,  74;  II.,  177 
Tribromonaphthol,  IL,  4 
Triformal,  IL,  6 


Trimethylamine,  L,  489 
Tripoli  powder,  IL,  414,  420,  421 
Trona,  I.,  287 

Tube  mills,  IL,  24-25,  89,  96,  97,  98, 107 
Tubing,  glass,  IL,  253 
Tumblers,  glass,  IL,  257 
Tungstate,  sodium,  IL,  349 
Tungsten,  IL,  343-35© 

—  catalytic,  L,  471 

—  colloidal,  11.,  363 

—  drawing,  IL,  361 

—  ductile,  IL,  348 

—  estimation,  IL,  350 

—  ferro,  IL,  347 

—  literature,  IL,  343 

—  melting  point  of,  IL,  355 

—  metallic,  cost  of  production,  IL,  347 

—  —  manufacture,  IL,  345-346,  360 

—  —  properties,  IL,  348 

—  powder,  IL,  347,  360 

—  uses,  IL,  348,  349 
I'ungsten  alloys,  IL,  349,  352 

—  bars,  furnace  for,  IL,  360 

—  bronzes,  IL,  349,  350 
— ■  electric  furnace,  IL,  360 

—  electro-contacts,  IL,  349 

—  filaments,  L,  117;  11.,  355,  358-363, 

366 

—  lamp,  II.,  357-366 

—  lithium  bronze,  IL,  349 

—  ores,  IL,  343,  344,  345 

—  oxide,  colouring  porcelain  with,  IL,  349 
- glass,  IL,  349 

—  powder,  IL,  347,  360 

—  sodium  bronzes,  IL,  349 

—  steel,  IL,  348 

—  wire,  IL,  361 

Tunnel  drier,  IL,  99,  312-314 

—  kiln,  IL,  177,  181 

—  ovens,  IL,  175 
Turner’s  cement,  IL,  137 
Turning  clay,  IL,  170 
Turquoises,  IL,  63 


u 

Ulexite,  L,  357 
Ultra-violet  light,  IL,  372 

- destruction  of  bacteria  by,  L,  158 

- opaqueness  of  glass  to,  IL,  244 

- ozone  formation  by,  L,  146 

- sterilisation  by,  L,  169-172 ;  IL, 

373 

- use  in  chamber  process,  L,  223 
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Ulzer-Somner  process  of  radium  extrac¬ 
tion,  II.,  390 

Underfeed  stoker,  I.,  35,  36 
Underglaze  colours,  II.,  188,  189 

—  painting,  II.,  180 
Unglazed  pottery,  II.,  152 
United  Alkali  Co.,  I.,  288 

United  States  asbestos  deposits,  II.,  282 

- carnotite  deposits,  II.,  370 

- pitchblende  deposits,  II.,  370 

- vanadium  deposits,  II.,  376 

Uralite,  II.,  134 

Urals,  asbestos  in,  II.,  282 

Uraninite,  II,,  369 

Uranium,  L,  ii8j  II.,  369-374,  388 

—  arc  lamps,  II.,  372 

—  catalytic,  I.,  471 

—  colouring  glass  by,  II.,  373 

—  disintegration  of,  II.,  386 

—  dissociation  of,  II.,  385 

—  estimation  of,  II.,  373 

—  literature,  II.,  369 

—  metallic,  II.,  372 

—  occurrence  of,  11. ,  369 

—  radio-active  constants,  II.,  386 

—  sources  of,  II.,  388 

—  use  in  ceramic  industry,  II.,  373 

—  utilisation  of,  II.,  372,  373 
Uranium,  colours,  II.,  373 

—  filaments,  IL,  366 

—  glazes,  IL,  373 

—  micas,  IL,  372 

—  minerals,  analysis  of,  IL,  373 

—  nitrate,  IL,  373 

—  ores,  IL,  370,  371,  3S4 

—  oxide,  II.,  189,  372 

- colouring  pottery  with,  11.,  165 

—  steels,  IL,  372,  373 
Urano-circite,  IL,  370 
Urea,  ammonia  from,  L,  455 

—  ammoniacal  fermentation  of,  I.,  42S, 

455;  n.,  37 

—  decomposition  by  nitrous  acid,  L,  428 
- in  soil,  L,  424,  480 

—  excretion  of,  I.,  42 7, 428, 429;  fermenta¬ 

tion  of,  I.,  480 ;  from  calcium 
cyanamide,  I.,  480 ;  II.,  37 

—  liberation  of  nitrogen  by,  L,  428,  429 
Urease,  I.,  428 

Urine,  I.,  428 

—  ammonia  from,  L,  455 

—  phosphorus  in,  IL,  423 

—  statistics,  L,  455 
Urotropine,  IL,  6 
Utah  Sea,  I.,  263 
Uviol  glass,  IL,  265 


V 

Vacuum  evaporators,  L,  269,  270,  378 

—  pumps,  IL,  353  ^ 

—  tight  seals  for  silica,  II.,  274 
Valentinefs  vacuum  process  for  nitric 

acid,  I.,  440 
Vanadic  acid,  11.,  379 

—  oxide,  IL,  375 
Vanadinite,  IL,  375,  376 
Vanadium,  IL,  375-382 

—  acid  extraction  process,  IL,  377 

—  alkaline  extraction  process,  IL,  378 

379  . 

—  analysis  of,  IL,  382 

—  electrolytic  deposition  of,  IL,  379 

—  ferro,  II.,  380 

—  literature,  IL,  375 

—  metallic,  IL,  380 

—  occurrence  of,  IL,  375 

—  recovery  from  mill  solution,  IL,  379 

—  uses,  IL,  381 

Vanadium  alloys,  IL,  70,  380,  381 

—  carbide  filaments,  IL,  366 

—  colours,  IL,  381 

—  inks,  IL,  381 

—  mordants,  IL,  381 

—  ores,  IL,  376,  377,  3^2 

—  oxide,  L,  240;  IL,  375 

—  steel,  IL,  375,  380,  381 
Varech,  L,  408 

Vaseline,  extraction  of  iodine  with,  1.  4ri 

Vases,  11.,  157 

Vassy  cement,  IL,  86 

Venetian  glass,  IL,  242,  270 

Verbundglas,  IL,  265 

Verneuirs  blowpipe,  IL,  64 

Vertical  jigger,  IL,  17 1 

—  kiln,  IL,  103 
Vicat  needle,  IL,  123 
Victoria  stone,  II.,  129 
Vinasse,  ammonia  from,  L,  454 

—  cinder,  L,  338 
Vincentes  process,  L,  338 
Violet  glass,  IL,  269 

Viscose  silk,  use  in  incandescent  mantles, 

IL,  304 

Vitreosil,  L,  236  ;  IL,  273 
Vitrifiable  clays,  IL,  149 
Vitriol,  oil  of,  L,  248 
Vitriolised  bones,  II. ,  32 
Voelker’s  electric  furnace,  IL,  255 
Volatile  ammonium  salts,  L,  456,  457 
Voleker's  silica  glass  process,  II.,  273 
Volvic  lava,  L,  227,  236 
Vosmaer  system,  I.,  149 
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w 

Wall  plasters,  I,,  347,  349 
Wanner  pyrometer,  I.,  69 
Ward’s  stone,  II.,  129 
Ware,  sanitary,  II.,  157 

—  shaping  of,  IL,  169-174 
Wash  leather,  II.,  420 

—  min,  for  cement,  II.,  87,  88 
Washing  machine  for  incandescoat 

mantles,  II.,  306,  307 
Waste  gases,  acid,  I.,  235,  238 

—  products,  use  as  manure,  II.,  40 
Watch  dials,  enamelled,  II.,  277 
- luminous,  II.,  397 

Water,  acid  in,  I.,  173 

—  action  on  carbon,  I.,  1 1 2 

- on  cellulose,  I.,  in 

- on  metals,  I.,  no 

- on  non-metals,  I.,  112 

—  aerated,  I.,  195-200 

—  alkaline,  I.,  172,  173 

—  analysis  of,  I.,  193 

—  artificial  mineral  water,  I.,  195 

—  bacteria  in,  I.,  161 

—  chlorine  in,  1 ,  159,  160,  173 

—  disinfection  of,  II.,  8-9 

—  dissociation  temperature  of,  L,  45 

—  distillation  of,  166 

—  drinking,  I.,  159 

—  estimation  of  nitrates  in,  I.,  192 

—  evaporation  of,  by  fuels,  I.,  45 

—  filtration  of,  I.,  16 1  et  seq. 

—  for  boilers,  L,  17  2-1 75 

—  for  dairies,  I.,  183 

—  for  dyeing,  I.,  182 

—  for  paper  mills,  I.,  182 

—  for  sugar  refining,  I,,  183 

—  freeing  from  oil,  I.,  1 74-1 75 
ground,  L,  158,  159 

—  hard,  L,  160,  172,  173,  176183 

—  iron  in,  L,  168,  180,  181,  182 

—  laundry,  I.,  182 

—  lead  in,  L,  i6r,  168,  172 

—  lithia,  I.,  198 

—  loss  of  fiiel  by  hard,  I.,  173 

—  magnesium  in,  I.,  173 

—  mineral  table,  I.,  197 

—  natural,  I.,  157 

—  nitrates  in,  I.,  159 

—  nitric  acid  in,  I.,  159,  160 

—  nitrites  in,  L,  i«:q,  194 

—  oil  in,  L,  174,  175 

—  organic  matter  in,  L,  158,  159 

—  oxygen  consumption  vdue,  I.,  160 
- content  vital  to  fish  life,  I.,  192 


Water,  ozone  treatment  of,  L,  15 1 

—  permanganate  treatment  of,  IL,  60 

—  phosphoric  acid  in,  I.,  160 

—  pollution  of,  I.,  160 

—  potash,  L,  198 

—  properties  of,  I.,  103 

—  purification  by  aluminium  salts,  I.,  166 
- by  aqua-regia,  I.,  168 

- by  bleaching  powder,  I.,  167 

- by  bromine,  I.,  168 

- by  caldum  peroxide,  I.,  167 

- by  chlorine,  I.,  167 

- by  copper  sulphate,  I.,  168 

- by  electrolytic  chlorine,  I.,  167 

- by  hydrogen  peroxide,  I*,  167 

- by  hypochlorites,  L,  167,  168 

- by  iron  salts,  I.,  166 

- by  lime,  L,  167 

- by  magnesium  pa-oxide,  I,  167 

- by  oxidation,  I,,  167 

- by  ozone,  I.,  15 1,  168,  169 

- by  perhydrol,  I.,  167 

- by  permanganate,  I.,  167 

- by  precipitation,  I.,  166 

- by  sodium  peroxide,  I.,  167 

—  radioactive,  I.,  158,  198 

—  rain,  I.,  159 

—  removal  of  alkali  from,  IL,  61 

- of  calcium  from,  I.,  160,  172, 

173,  176-183;  IL,  60;  see  Soft 
mater 

- of  gold  from,  IL,  61 

- of  iron  from,  II.,  60,  6 1 

- of  magnesium  from,  L,  160,  172, 

173,  176-183;  IL,  60 

- of  manganese  from,  IL,  60,  61 

- of  potassium  from,  II.,  60 

- of  sodium  from,  IL,  60 

—  river,  I.,  158 

—  self-purification  of,  I.,  158 

—  soda,  I.,  198 

—  soft,  I.,  160,  172,  176-183 

—  sprays,  L,  225,  233,  418 

—  spring,  I.,  158,  159 

—  sterilisation,  I.,  166  et  seq,^  168,  169, 

170,  171,  172 

- by  ozone,  I.,  169 

- by  permanganate,  L,  182 

- by  permutite,  II ,  61 

—  —  by  ultra-violet  rays,  I.,  169-172 

—  technology  of,  L;  157  ei  seq, 

—  use  of  sterile,  I.,  172 
Water-gas,  L,  102,  112,  117,  119,  123 
- ammonia  from,  I.,  453 

- composition  of,  I.,  126 

- hydrogen  from,  I.,  loi,  112 
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Water-gas,  uses  of,  I.,  133 
Water-glass,  IL,  41,  133-134,  251,  415; 

see  also  Sodium  silicate 
Water  power,  L,  368,  475 
Waterproofing,  cement  mortar,  II.,  118 
~  —  cloth,  IL,  57 
-  concrete,  IL,  118 
Water  tube  boiler,  L,  39,  41 
Weathering  of  fuel,  I.,  19 
Wedge  mechanical  furnace,  L,  212,  215 
Wedging  of  slip,  IL,  168 
Wedgwood's  pyroscope,  L,  74,  75 
Weighing  machine,  IL,  108 
Welding  by  thermite,  IL,  71 
Weldon  chlorine,  bleaching  powder  from, 
393 

—  process,  I.,  360-362 
Weldon-Pechinery  process,  L,  366 
Wells,  artesian,  L,  159 

Welsbach  mantles,  IL,  291,  303,  304 
Wet  fish  scrap,  II.,  34 

—  grinding,  IL,  88,  89,  166 
Wetherill  magnetic  separator,  IL,  296 
Whale  meal,  IL,  36 

Wheeling  forced  feed  washer,  IL,  92 
Whipple  temperature  indicator,  L,  69 
Whirlers,  IL,  174 
White  bricks,  11.,  203 

—  caustic,  L,  296 

—  clays,  IL,  160,  164 
•  glass,  IL,  243 

glass,  opatpie,  IL,  269,  270 
lead,  in  enamels,  IL,  279 
lead,  use  of  flux,  IL,  163 
overglaxe,  IL,  189 
Portland  cement,  IL,  112 
stuff,  IL,  401,  402 
sulphate  of  alumina,  IL,  54 

—  ware,  IL,  195 
Whiting,  L,  141 

use  as  glaze,  IL,  162 

use  as  polish,  IL,  144  ^ 

Whole  guano,  !!•,  36 
AViborgh  phos()hate,  IL,  32 
Wieliczka  salt  mines,  L,  261 
Wild  calorimeter,  I.,  9 
Wilfley  tables,  IL,  295 
William's  purifier,  L,  495 
Williamson's  blue,  I.,  494 
Windhausen  machine,  L,  81 
Window  glass,  IL,  253 
Wire  cut  process  for  bricks,  IL,  207 
Wire  drawing,  tungsten,  IL,  361 
Wiretes  rectifying  crystals,  IL,  403 
Witherite,  L,  351 

Wohler  phosphorus  process,  IL,  423 
vot.  IL— 31  '  * 


Wolframite,  IL,  343,  344 

Wollastonite,  IL,  244 

Wood,  cements  for  joining  metal  to,  IL, 

137 

—  fireproofing,  IL,  57 

—  potash  in,  L,  338 

—  use  as  fuel,  L,  2 

—  water  evaporated  by,  L,  45 
Woodall-Moon  test  for  mantles,  IL,  314 
Woodcock's  instrument,  IL,  123 

Wool,  bleaching  by  hydrogen  peroxide, 
L,  423 

—  injury  by  sulphur-lime  dips,  IL,  19 
~  washing,  suds  from,  L,  184 

—  waste,  use  as  manure,  IL,  39 
Wounds,  treatment  with  hypochlorites,  L, 

402 

Wyld  furnaces,  L,  213 


X 

X-rays,  IL,  384,  398 

—  glass  for  bulbs,  IL,  253 

—  photographs,  IL,  334 
Xenotime,  IL,  369 
Xylolite,  IL,  128 
Xylolith,  L,  366 


Y 

Yeadon's  briquette  machine,  L,  22 
Yellow  clays,  IL,  149,  i6o,  164,  166 
-  colours,  IL,  328,  349 
glass,  n.,  269 
—  overglaze,  IL,  189 
Ytterbium  oxalate,  II.,  301 
Yttrium  oxalate,  IL,  301 
Yttro  tantalite,  IL,  338 


z 

Zeolites,  IL,  150 

—  artifiicial,  IL,  59,  60,  61 

—  natural,  IL,  59 
Zeppelin  dirigibles,  L,  1 1 5 
Zinc,  action  on  alkalis,  L,  116 

V  —  action  on  water,  L,  no 

—  alloys,  II.,  70,  318 

—  anti-incrustator,  L,  175,  176 

—  -  disinfecting  properties  of,  IL,  16 

—  manufacture,  L,  327 
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Zinc  blende,  I,  206,  207,  214 

—  chloride,  disinfecting  properties  of,  II., 

16 

- germicidal  value  of,  II.,  3 

—  copper  couples,  action  on  water,  I.,  no 

—  oxide,  in  enamels,  II.,  277 

- in  glass,  II.,  248,  353 

- in  glazes,  II.,  165 

—  perhydrol,  I.,  422 

—  peroxide,  I.,  422  ;  II.,  7 

—  salts,  disinfecting  properties,  II.,  16 

—  silico-fluoride,  II.,  119 

—  sulphate,  disinfecting  properties,  II.,  1 6 

—  sulphide,  luminous  preparations  with 

radium,  II.,  397 
Zircon,  II.,  63,  331,  332 
Zircooia  bricks,  II.,  233 

—  crucibles,  II.,  272 

—  filaments,  II.,  334 


Zirconia  gas  mantles,  II.,  334 

—  illuminants,  II.,  334 

—  quartz  ware,  II.,  333 

—  refractory-materials,  II.,  333 

—  statistics,  II.,  335 
Zirconium,  II.,  331-335,  355 

—  estimation  of,  II.,  335 

—  filaments,  II.,  355 

—  literature,  II.,  331. 

—  metallic,  II.,  333 

—  occurrence  of,  II.,  331 

—  pigments,  II.,  334 

—  uses,  II.,  332-335 
Zirconium  acetate,  II.,  334 

—  carbide,  II.,  334 
- filaments,  II.,  366 

—  ores,  II.,  334 

—  silicate,  ll.,  63 
Zschirnmer’s  glass,  II.,  265 
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